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Organofluorine	 compounds	 have	 had	 an	 important	 influence	 on	 the	 advances	 in	 the	
healthcare	 and	 agricultural	 industries.	 Selective	 substitution	 with	 fluorine	 can	 produce	 a	
significant	impact	on	the	pharmacokinetic	properties	of	bioactive	compounds;	generally	this	
is	 through	 stereoelectronic	 effects	 that	 the	 fluorine	 atom	 can	 confer.	 As	 such,	 there	 is	 a	




fluorine	 face,	 which	 possesses	 a	 negative	 electrostatic	 profile,	 along	 with	 the	 positively	
polarized	 methylene	 hydrogens	 on	 the	 opposite	 face	 give	 a	 unique	 facial	 polarity	 to	 this	
motif.		
These	highly	polarized	 fluorinated	 ring	 systems	present	as	novel	building	blocks	 for	use	 in	
drug	 development	 and	 agricultural	 programs;	 hence	 the	 aim	 of	 this	 study	 was	 the	
development	 of	 functionalised	 derivatives	 of	 these	 all-cis	 tetrafluoro-cyclohexanes.	
Transformations	of	previously	reported	phenyl	all-cis-2,	3,	5,	6-tetrafluoro-cyclohexane	were	
explored	 in	 a	 variety	 of	 directions	 and	 new	 pathways	 towards	 partially	 fluorinated	
cyclohexanes	 were	 investigated.	 The	 range	 of	 all-cis-tetrafluorocyclohexane	 motifs	
produced,	 with	 functional	 groups	 attached	 directly	 to	 the	 fluorinated	 cyclohexane	 ring,	
varied	 from	 methyl	 substituted	 all-cis-tetrafluorocyclohexane	 alcohols,	 aldehydes,	 nitriles	
and	 amines	 to	 all-cis-tetrafluorocyclohexane	 amino	 acid,	 pentafluoro	 carboxylic	 acid	 and	
alcohol	derivatives.	
These	novel	derivatives	were	then	used	in	liquid-phase	peptide	synthesis,	incorporated	into	
peptidomimetic	 systems	 through	 Ugi	 multi-component	 reactions	 and	 utilised	 in	 the	
formation	of	bis-systems,	in	order	to	demonstrate	their	reactivity	and	to	gain	an	insight	into	
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industry	 but	 particularly	 in	 the	 fields	 of	 pharmaceutical,	 polymer,	 agrochemical	 and	
materials	 chemistry.1,2	 Within	 the	 pharmaceutical’s	 field	 the	 involvement	 of	 fluorine	 has	
been	 particularly	 prominent,	 as	 one	 fifth	 of	 all	 drugs	 on	 the	market	 contain	 at	 least	 one	
fluorine	atom.3,4	The	fluorinated	polymer	TeflonTM	is	a	high	profile	example	of	a	wide	range	
of	organofluorine	materials	and	it	is	used	in	many	different	applications	such	as	in	cookware	


















	 H	 Si	 C	 P	 N	 S	 O	 Cl	 F	
Electronegativity	(χ)		
	
2.1	 1.8	 2.5	 2.1	 3.0	 2.5	 3.5	 3.0	 4.0	
Van	der	Waals	radii/A°	
	
1.2	 2.1	 1.7	 1.8	 1.55	 1.8	 1.52	 1.74	 1.47	
Bond	lengths	to	
Carbon/	A°	
1.09	 1.85	 1.54	 1.84	 1.47	 1.82	 1.43	 1.77	 1.35	
	 	 	 	 	 	 	 	 	 	
Bond	dissociation	
energy/kcal	mol-1	




to	 fill	 the	2p	orbital,	 fluorine	will	 readily	accept	an	electron	to	balance	the	nuclear	charge,	
which	 in	 turn	makes	 it	 sterically	 compressed.	 As	 we	move	 down	 the	 Periodic	 Group,	 the	







forces,	 deriving	 from	charge	 transfer	 between	 the	donor	 and	 the	 acceptor,	 it	 follows	 that	
due	 to	 it’s	 lone	 pairs	 being	 held	 tightly	 by	 the	 nucleus	 fluorine	 is	 a	weak	 hydrogen	 bond	
acceptor	 and	a	poor	 van	der	Waals	participant	 in	organic	molecules.	 The	average	 van	der	
Waals	radius	between	fluorine	and	hydrogen	is	2.5	-2.7	Å,	and	only	on	very	rare	occasions		
(X-ray	data	structures)	 is	the	CF--HX	distance	less	than	2.3	Å.10	Due	to	the	weakness	of	the	
X–H···F–C	hydrogen	bonds,	 it	 is	 nessesary	 to	 examine	 these	electrostatic	 interactions	with	
multiple	techniques	in	order	to	verify	a	new	hydrogen	bond	interactions.	
In	some	studies	it	has	been	shown	that	hydrogen	bonding	is	observed	in	aprotic	solvents	if	

















































In	 studies	descrived	by	Dalvit	and	Vulpetti,	 the	correlation	between	 the	 19F	NMR	chemical	
shifts	 of	 fluorine	 and	 X-ray	 analysis	 of	 the	 fluorine–protein	 interactions	 has	 shown	 that	
fluorine	 atoms	with	 increased	 electron	 density	 have	 better	 ability	 to	 engage	 in	 hydrogen	
bond	by	being	 in	close	proximity	to	hydrogen	bond	donors.	14		Dieshielded	fluorines	on	the	
other	 hand,	were	 found	 to	 orientate	 towards	 hydrophobic	 side	 chains.	 In	 addition	 to	 the	
experimental	 studies,	 the	 computational	 quantum	 chemical	 methods	 also	 supported	 the	
proposed	“rule	of	shielding”.14		
As	 in	 general,	 there	 have	 been	 enough	 studies	 conducted	 in	 support	 of	 organic	 fluorine	






The	 size	 of	 a	 fluorine	 atom	 lies	 closest	 to	 that	 of	 hydrogen	 for	 any	 element	 that	 has	 a	
monovalent	attachment	 to	 carbon	 (Table	1.1).	 This	makes	 it	 the	best	 candidate	 in	organic	
chemistry	 for	 the	 replacement	 of	 hydrogen.	 This	 is	 especially	 useful	 in	 drug	 discovery	
programs,	where	pharmacokinetic	properties	of	lead	compounds	can	be	modified	by	such	a	
substitution,	 while	 the	 steric	 profile	 of	 the	molecule	 remains	 relatively	 unaffected.	While	
substitution	 of	 hydrogen	 by	 fluorine	 offers	 an	 electronic	 torque	 through	 a	 molecule,	
replacement	 of	 electronegative	 O	 by	 F,	 doesn’t	 induce	 such	 a	 significant	 change	 in	 its	













classic	 covalent	 bond	 and	 this	 makes	 the	 bond	 the	 strongest	 in	 organic	 chemistry.17	 The	
polarity	of	this	bond	gives	rise	to	a	strong	dipole	moment,	which	consequently	can	interact	




shortens	 the	C-F	bond	 length.18	From	CH3F	 to	CF4,	the	negative	charge	 is	 consistent	on	 the	
additional	fluorine	atoms,	while	there	is	a	progressive	increase	in	the	positive	charge	on	the	
carbon	 atom,	 which	 leads	 to	 the	 observed	 bond	 shortening	 and	 associated	 geometrical	
changes.1,18	
Another	 observation	 is	 a	 clear	 preference	 for	 fluorine	 to	 bond	 to	 sp3	 rather	 than	 to	 sp2	
hybridised	carbon	atoms.	Dolbier	et	al.	demonstrated	that	3,3-difluoro-	1,5-hexadiene	(1.4)	












Fluorine	 tends	 to	 undergo	 E1cB	 rather	 then	 E2	 elimination	 reactions.	 	 A	 study	 on	 such	 a	
reaction	 is	 shown	 in	 Scheme	 1.2,	 whereby	 deprotonation	 of	 the	 β-	 hydrogen	 in	 2-
fluorobutane	 1.5,	 leads	 to	 the	 intermediate	 anion	 1.6,	 which	 is	 stabilised	 by	 the	
electronegativity	 of	 the	 fluorine	 and	 can	 undergo	 reversible	 deprotonation.1,15	 This	























One	 of	 the	 most	 common	 examples	 of	 C-F	 bond	 cleavage	 is	 found	 during	 nucleophilic	
aromatic	substitution	reactions,	again	proceeding	via	a	two-step	process.	For	example	in	the	


























which	 is	 located	 180°	 to	 the	σC-F.	 The	 low-lying	 σ*C-F	 can	 therefore	 act	 as	 a	 good	 electron	
acceptor	and	can	accommodate	electron	density	 in	the	form	of	 lone	pairs,	electron	rich	π-
bonds	or	covalent	bonds	such	as	C-H.	A	study	on	anomeric	effects	has	been	demonstrated	
by	 Pinto	 et	 al,	 revealing	 that	 the	 σ*C-F	of	 2-fluorooxacyclohexane	 (1.13,	 see	 Scheme	 1.3)	
behaves	 in	 a	 similar	 manner	 to	 the	 σ*C-O	 in	 2-methoxyoxacyclohexane	 (1.14).	 .21	 Density	
	 19	
functional	 theory	 (DFT)	molecular	orbital	 calculations	of	 these	molecules	 revealed	a	C-F/O	
bond	 elongation	 and	 O-C	 bond	 shortening	 in	 going	 from	 the	 equatorial	 to	 the	 axial	
conformation.	Along	with	bond	length,	the	stabilization	energy	ΔE	 is	 favoured	by	–2.89	for	


















Wolfe	 et	 al.	 highlighted	 the	 gauche	 preference	 of	 1,2-difluoroethane.22	 Durig	 et	 al.	 has	
supported	 this	 observation,	 showing	 spectroscopically	 (for	 IR/Raman),	 that	 the	 	 gauche	
rotamer	dominates	over	the	anti	by	2.4-3.4	kJ/mol	(1.15.b,	see	Scheme	1.5).22–25	There	are	
several	hypothesis	that	have	been	accounted	for	this	observation.	Initially	Wiberg	discussed	
a	 ‘bend	 bond	 model’,	 where	 the	 preference	 for	 the	 gauche	 rotamer	 arises	 from	
















An	 alternative	 and	more	 enduring	 explanation	 is	 hyperconjugation.27	 	 This	 is	 explained	 in	
terms	 of	 HOMO-LUMO	 interactions,	 whereby	 in	 the	 gauche	 conformation,	 the	 σ*	






















fluorine	 and	 the	 consequent	 ionic	 character	 of	 the	 bond.	 This	 can	 induce	 a	 significant	










































In	 the	 case	 of	 fluoroacetamide	 (1.16	 and	 1.17),	 the	 C-F	 bond	 prefers	 to	 lie	 trans	 and	
antiparallel	to	the	carbonyl	and	on	the	same	plane	to	the	N-H	bond	of	the	amide.	The	energy	
difference	 between	 cis	 and	 trans	 conformations	 is	 ≈7.5	 kcal	mol-1	 (Scheme	 1.7).30	 Due	 to	
opposed	 C-F	 and	 C=O	 bond	 dipoles,	 the	 dipole	 moment	 is	 also	 lower	 for	 the	 trans	
conformer,	 which	 has	 a	 dipole	 moment	 of	 2.1	 D	 in	 comparison	 to	 cis	 conformer,	 which	
dipole	 moment	 is	 4.8	 D.	 There	 is	 also	 an	 electrostatic	 interaction	 between	 F	 and	 HN,	
reinforcing	the	dipole-dipole	interaction	from	the	opposing	carbonyl	and	C–F	bonds	(Scheme	
1.7).	 The	 preference	 for	 the	 trans	 conformation	 decreases	 with	 decreasing	 dipole	 of	 the	




ligands	 to	 enzymes	 such	 as	 thrombin.29,31	 The	 X-ray	 study	 of	 several	 thousand	 structures	
revealed	 intermolecular	 C–F….C(O)N	 contacts,	where	 the	 fluorine	was	 statistically	 found	 to	
approach	 along	 a	 	 pseudotrigonal	 axis	 to	 the	 amide	 carbonyl.	 This	 can	 be	 rationalised	 in	














Charge-dipole	 interactions	 are	 one	 of	 the	 most	 energetically	 significant	 interactions	 that	
occur	between	a	C-F	bond	and	adjacent	groups,	when	a	group	has	a	formal	charge.	Snyder	
et	al.	 highlighted	3-fluoropiperidine	 (1.19,	 Scheme	1.8)	 and	N-methyl-3-fluoropiperidinium	
salts	(1.20)	in	this	context.	32	There	is	a	significant	preference	for	fluorine	to	lie	in	the	axial,	










charge,	 it	was	also	demonstrated	that	 the	preferred	conformation,	positions	 fluorine	close	






























4.0 kcal mol-1 0 kcal mol-1
























by	 the	 St	 Andrews	 group.	 This	 work	 revealed	 that	 linear	 chains	 of	 stereoisomers	 with	
fluorines	positioned	all-syn-to	each	other,	such	as	hexafluoro	stereoisomer	1.23	(see	Figure	
1.4),	adopt	a	helical	arrangement.1,35	The	preference	for	helical	over	anti-zigzag,	which	was	


































0 kcal mol-1 1.16 kcal mol-1 2.41 kcal mol-1 3.33 kcal mol-1
δ-δ-































In	 the	 earth’s	 crust	 the	 most	 common	 flourine-bearing	 minerals	 are	 natural	 cryolite	
(AlF3.3NaF),	 phosphate	 rock	 (Ca5(PO4).3F)	 and	 fluorspar,	 also	 known	 as	 fluorite	 (CaF2).	
Fluorite	is	mined	as	a	source	used	to	produce	hydrofluoric	acid	(HF).	38	
		




important	applications	 in	organic	chemistry,	 including	the	production	of	 fluorocarbons	and	
the	generation	of	elemental	fluorine	(F2).	38,39	Fluorine	gas	(F2),	which	is	pale	yellow	oxidising,	





																																																										𝐻𝐹 + 𝐾𝐹 → 𝐾𝐻𝐹! 	
	






















of	 organofluorine	 compounds.	 However,	 poor	 selectivity	 is	 generally	 attained	 and	 these	
fluorination	 procedures	 require	 special	 equipment	 and	 air-free,	 anhydrous	 conditions	 in	







































N-Fluoropyridinium	 salts,	 fluorinate	 nucleophilic	 substrates	 through	 a	 single	 electron	
transfer	process	 (Scheme	1.10)	and	 their	 reactivity	 can	be	 tuned	 through	derivatisation	of	
the	 pyridine	 heterocycle.	 N-Alkylsulfonamides	 such	 as	 N-fluorobenzenesulfonimide	 (NFSI)	
(Figure	1.5)	were	first	reported	as	a	class	of	fluorinating	reagents	by	Barnette	et.al.	in	1984.41	
N-Alkylsulfonamides	 are	 prepared	 upon	 treatment	 of	N-alkylsulfonamides	with	 F2	and	 can	
fluorinate	a	wide	range	of	anions,	such	as	alkyl	and	aryl	organometallics,	malonates,	ketones	
and	amide	enolates.	41		








Nucleophilic	 reagents,	 in	 contrast	 to	 the	 electrophilic	 reagents	 described	 above,	 are	




























Alkali metal fluorides 
 













Olah’s reagent  



































Yarovenko’s reagent TFEDMA reagentIshikawa’s reagent (1:3 ratio)  







Tetrabutylammonium	 fluoride	 (TBAF)	 and	 tetramethylammonium	 fluoride	 (TMAF)	 are	
organic	 solvent	 soluble	 and	 common	 reagents	 where	 fluoride	 ion	 can	 be	 used	 in	
combination	with	tetraalkylammonium	ions	(Table	1.2).		
These	 reagents	 can	 be	 unpredictable	 due	 to	 the	 occurrence	 of	 Hoffman	 eliminations,	
whereby	 fluoride	 anion	 abstracts	 a	 β-hydrogen	 promoting	 an	 E1cB/	 E2	 mechanism,	








































it	 can	 form	 a	 stable	 reagent.	 Two	 of	 the	 most	 common	 forms	 are	 triethylamine	 HF	
(Et3N.3HF)	or	Pyridine.HF	(Py.HF),	the	latter	of	which	is	known	as	Olah’s	reagent	(Table	1.2).	
Olah’s	 reagent,	 first	 reported	 in	 1973,	 consists	 of	 pyridine	 (30%)	 and	 hydrogen	 fluoride	




of	 70	 °C.	 Despite	 being	 less	 reactive,	 and	 often	 requiring	 higher	 temperatures	 and	 longer	
reaction	 times	 due	 to	 its	 reduced	 acidity,	 these	 conditions	 can	 sometimes	 benefit	 certain	
reactions.	
For	 example	 during	 the	 preparation	 of	 vicinal	 trifluoro	 motifs,	 treatment	 of	 epoxide	
















The	 most	 widely	 used	 class	 of	 reagents	 for	 deoxyfluorination	 reactions	 are	 S-F	 based	




acids	 to	 the	 trifluoromethyl	 derivatives.46–48	 DAST	 is	 prepared	 from	 the	 combination	 of	
diethylaminotrimethylsilane with	 SF4 (Scheme	 1.14,	 reaction	 (i)) and	 is	 one	 of	 the	 most	
widely	 used	 reagents	 for	 deoxyfluorination	 reactions,	however	 it	 has	 poor	 stability	 under	




These	 reagents	 operate	 through	 nucleophilic	 attack	 by	 fluoride	 of	 the	 in	 situ	 activated	
alcohol.	In	general	however,	deoxyfluorination	reactions	with	these	reagents	tend	not	to	be	
stereoselective	due	 to	competing	SN1	 type	 reactions.49	The	addition	of	TMS-amine	 to	RSF3	
reagents	 was	 found	 to	 greatly	 improve	 the	 selectivity	 during	 deoxyfluorination	 of	
enantiomerically	 pure	 substrates	 such	 as	 (R)-1-phenylethanol	 (1.31)	 to	 form	 (S)-(1-
fluoroethyl)benzene	 (1.34)	 (see	 Scheme	 1.13).	 The	 stability	 lies	 in	 the	 additional	 nitrogen	
lone	 pair	 derived	 from	 the	 amine,	 acting	 as	 a	 mesomeric	 donor	 in	 intermediate	 1.33,	
reducing	 leaving	 group	 propensity	 and	 promoting	 SN2	 versus	 SN1-type	 displacement.	 This	




























The	 more	 recently	 introduced	 deoxyfluorinating	 reagents	 diethyl	 aminodifluorosulfinium	
tetrafluoroborate	 (XtalFluor-E®)	 and	 morpholinodifluorosulfinium	 tetrafluoroborate	
(XtalFluor-M®)	 were	 introduced	 in	 2009	 by	 Couturier	 et.al	 (see	 Table	 1.2).47,51	 These	
tetrafluoroborate	salts,	are	 found	 to	be	stable	and	easier	 to	prepare	 than	DAST	or	Deoxo-
Fluor®,	which	require	hazardous	distillation	of	the	dialkylaminosulfur	trifluorides.	XtalFluor-
E®	is	prepared	in	a	one-pot	reaction	by	addition	of	SF4	to	diethyltrimethylsilylamine,	in	order	





















	One	 of	 the	 most	 recently	 developed	 reagents	 in	 this	 category	 is	 4-tert-butyl-2,6-
dimethylphenylsulfur	trifluoride	(Fluolead™).53	Fluolead™	was	developed	by	Umemoto	from	
a	 first	 generation	 phenylsulfurtrifluoride	 (PhSF3)	 reagent	 and	 was	 found	 to	 be	 more	

















without additive, more dissociative
SN1 mechanism
Mesomeric effect




























































































R-F + R2N CHFX
O
X=Cl (Yarovenko reagent)
     CF3 (Ishikawa reagent)





fluorinate	 a	wide	 range	 of	 substrates	 including	 alcohols,	 aldehydes,	 enolizable	 ketones	 to	
form	C-F	bonds	and	CF2	groups,	carboxylic	groups	to	CF3	and	ROC(=S)SCH3	to	ROCF3.53	
Another	class	of	deoxyfluorinating	reagents	is	derived	from	a	combination	of	diethyl	amine	
and	 a	 corresponding	 fluoro	 olefin	 to	 form	 α-fluoroamines	 (also	 known	 as	 FARs)	 (Scheme	
1.16).	 FARs	 can	 convert	 primary	 and	 secondary	 alcohols	 into	 alkyl	 fluorides	 as	 shown	 on	
Scheme	1.16	(a).54a,b			The	first	of	this	class	was	reported	in	1959,	by	Yarovenko	and	Raksha	
from	 Et2NH	 and	 chlorotrifluoroethene	 (Scheme	 1.16	 (b),	 i).54b	 Ishikawa’s	 reagent	 was	
reported	in	1979	as	an	adduct	of	perfluoropropene–diethylamine	(PPDA),	(Scheme	1.16	(b),	
ii).55		
The	 most	 recent	 reagent	 of	 this	 class	 is	 prepared	 from	 tetrafluoroethylene	 and	
dimethylamine	 to	 form	 1,1,2,2-tetrafluoroethyl-N,	 N-dimethylamine	 (TFEDMA)	 (Scheme	
1.16	(b),	iii).56	In	contrast	to	similar	reagents,	TFEDMA	is	cheaper	to	produce	due	to	the	low	
price	of	tetrafluoroethylene.56	A	limitation	is	the	formation	of	side	products	through	dialkyl	





















N,N-Diethyl-α,α-difluoro(meta-methylbenzyl)amine	 (DFMBA)	 is	 another	 noteworthy	
deoxyflurinating	 reagent.	 It	 was	 first	 reported	 in	 2004	 by	 Hara	 et.al.,	where	 DFMBA	 was	











alcohols	 to	 fluorides,	 aldehydes	 to	 gem-difluorides,	 1,	 2-	 and	 1,3-	 diols	 to	 acylated	
fluorohydrins	as	well	as	β-diketones	to	β-fluoro-α,β-unsaturated	ketones.	One	of	the	more	
remarkable	fluorinations	demonstrated	by	DFMBA	was	the	conversion	of	epoxide	(1.41)	to	








A	 last	 but	 not	 least,	 a	 relatively	 new	 yet	 selective	 deoxyfluorination	 reagent	 worth	
mentioning	is	PyFluor	(Scheme	1.20).	Reported	in	2015	by	Doyle	et	al.,	PyFluor	showed	to	be	





















































the	 dominant	 process.61	 A	 competition	 between	 fluoride	 ion	 acting	 as	 a	 nucleophile	 or	 a	








































Silver(I)	 &	 (II)	 	 fluorides	 (AgF	&	 AgF2),	 are	 other	 popular	 sources	 of	 alkali-metal	 fluorides.	
Both	of	 the	 reagents	are	 found	 to	be	 light	 sensitive	and	hygroscopic.	AgF	 is	often	used	 to	
fluorinate	 alkyl	 and	 aryl	 halides	 under	 mild	 conditions	 (Scheme	 1.23,	 reaction	 (i)).62	 For	
example	 it	 has	 been	 used	 to	 fluorinate	 trans-2,3-dibromo-2,3-dihydrobenzofuran	 to	
































When	 sulfenyl	 chloride	 along	with	 AgF	 is	 added	 to	 the	 reaction	with	 an	 alkene	 (1.50),	 β-
fluoro	 thioether	 1.51	 was	 produced	 as	 a	 result	 of	 an	 anti-Markovnikov	 addition.62	 AgF2	is	
also	 used	 in	 the	 fluorination	 of	 alkyl	 halides	 and	 aromatic	compounds,	 where	 it	 acts	 as	 a	
strong	nucleophilic	fluoride	source	and	oxidant.	







1.5.	 Applications	 of	 organofluorine	 compounds	 in	 medicinal	 and	
agrochemical	chemistry.	
	
Fluorinated	 organic	 compounds	 have	 made	 an	 impact	 in	 agrochemical	 and	 medicinal	
chemistry,	accounting	for	20%	of	all	the	drugs	in	pharmaceutical	market	in	2010,	which	has	
risen	 to	30%	since	 then.3,64,65	 The	 first	 fluorinated	pharmaceutical	drug	on	 the	market	was	
fludrocortisone,	 reported	 in	 1954.	 In	 1955	 this	 anti-inflammatory	 steroid	 (corticosteroid),	
which	 was	 a	 primary	 drug	 of	 this	 class,	 was	 approved	 by	 the	 U.S.	 Food	 and	 Drug	
Administration	 (FDA).	 65,66	 Since	 the	 launch	 of	 fludrocortisone,	 there	 has	 been	 nearly	 150	
fluorinated	compounds	introduced	to	the	pharmaceutical	market.65		
These	 include	 the	 biggest	 selling	 drugs	 in	 2016,	 	 such	 as	 Rucaparib	 (1.55)	 (treatment	 for	
women	 with	 ovarian	 cancer),	 Sofosbuvir	 (1.56)	 (hepatitis	 C	 treatment),	 Fluciclovine	 F18	
(1.58)	 used	 as	 a	 PET	 imaging	 agent	 for	 prostate	 cancer	and	 Pimavanserin	 (1.57)	 used	 for	





































































	 1.59	 1.60	 1.61	
(i)5HT2A	 0.99	 0.43	 0.06	
(ii)pKa	 10.4	 8.5	 -	






development	 was	 the	 discovery	 of	 a	 bioavailable	 and	 selective	 Serotonin	 5-HT2A	 receptor	
antagonist	 that	 did	 not	 carry	 side	 effects	 associated	with	 affinity	 to	 the	 IKr	 potassium	 ion	
















fats	and	lipophilic	non-polar	solvents. The	hydrophobic	constant,	 log	P,	 is	derived	from	the	
measurement	of	 the	partition	coefficient	between	 the	 two	opposing	phases	such	as	water	
and	octanol,	with	polar	hydrophobic	 compounds	moving	 to	 the	water	 layer	and	 less	polar	
hydrophilic	compounds	to	the	octanol	layer.4,69	By	altering	the	polarity	of	a	candidate	drug,	
it	is	possible	to	obtain	the	desired	lipophilicity	for	in	vivo	adsorption,	directly	related	to	the	
solubility,	 absorption,	 distribution	 and	 penetration	 into	 the	 brain	 as	 well	 as	 other	 body	
organs.	 For	 orally	 administered	 drugs,	 passive	 transport	 is	 the	 main	 form	 of	 drug	
distribution.	Passive	transport	is	reliant	on	membrane	permeability,	therefore	drugs	have	to	
be	lipophilic	enough	to	be	able	to	pass	through	the	cell	membrane,	but	not	overly	lipophilic	
that	 they	will	 'stick'	 in	 the	membrane.	 Following	 the	 Lipinski	 ‘rule	 of	 five’,	 in	 order	 for	 an	
orally	 administered	 drug	 to	 have	 'good'	 permeability,	 the	 calculated	 Log	 P,	 should	 not	 be	
higher	than	5	and	ideally	 in	the	1-3	range.70	Poor	absorption	is	a	common	problem	in	drug	
development,	which	often	arises	due	to	high	lipophilicity	and	fluorine	substitution	can	play	
an	 important	 role.	 It	 is	 important	 to	 recognise	 that	 insertion	 of	 fluorine	 into	 an	 organic	
molecule,	 can	 either	 increase	 or	 lower	 the	 lipophilicity,	 depending	 on	 the	 location	 of	 the	
substitution.6	 For	 example	 introduction	 of	 poly	 and	 per-fluorinated	 motifs	 eg.	 CF3,	 will	
generally	increase	the	lipophilicity	of	the	molecule	.4,6		
In	 contrast	 to	 this,	mono-,	 di-	 and	 trifluorination	 of	 saturated	 alkyl	 groups,	 can	 lower	 the	
lipophilicity	 of	 the	 compound	due	 to	 polarisation	 of	 the	 adjacent	 C-H	 bonds.	Muller	et.al,	
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Cytochrome	 P450	 monooxygenases	 hydroxylate	 drugs	 and	 xenobiotics	 in	 vivo.	 These	
enzymes	 are	mainly	 found	 in	 liver	 cells	 and	 account	 for	 75	%	 of	 the	 total	metabolism	 of	
drugs.73	 When	 P450	 monooxygenases	 metabolise	 a	 drug	 through	 oxidation,	 it	 alters	 its	
lipophilicity	allowing	more	rapid	excretion.	Often	low	metabolic	stability	and	quick	clearance	


































One	 such	example	 in	 the	 selective	cholesterol-absorption	 inhibitor,	 Ezetimib	 (Figure	1.7).74	
Through	metabolite	structure-activity	relationship	(SAR)	analyses	of	the	first	lead	compound	
(1.66),	 five	 primary	 metabolism	 sites	 were	 recognized	 with	 more	 than	 40	 potential	







at	certain	positions	can	suppress	hydrolysis.	 4	Prostacyclin	 (1.67),	 (PGI2),	 is	a	hormone	that	
























































Fluorine	has	a	 limited	steric	 influence,	however	 its	electrostatic	properties	can	change	 the	







5-Fluorouracil	was	 first	 reported	 in	1957,	and	 is	 still	one	of	 the	main	 treatments	against	a	
wide	range	of	cancerous	tumours.79	It	operates	through	competitive	binding	to	thymidylate	
synthase	(TS),	an	enzyme	that	produces	essential	precursors	for	DNA	biosynthesis.77		
In	 nucleotide	 biosynthesis,	 TS	 is	 responsible	 for	 the	 conversion	 of	deoxyuridine	
monophosphate	(dUMP)	(1.72)	to	deoxythymidine	monophosphate	(dTMP)	(1.77).	The	first	




































































































































































Atorvastatin	 (Lipitor®)	 is	 a	 member	 of	 the	 statin	 class	 of	 drugs,	 which	 are	 used	 to	 treat	
cardiovascular	 disease	 by	 lowering	 low-density	 lipoprotein	 (LDL)	 cholesterol	 levels	 (Figure	
1.9).	Atorvastatin,	acts	by	mimicking	(R)-mevalonic	acid	and	competitively	binding	to	the	3-

















(see	Figure	1.10).84	Although	 the	exact	mode	of	action	of	 serotonin	 is	unclear,	 it	has	been	
























Positron	 emission	 tomography	 (PET)	 using	 F18	 is	 developing	 very	 rapidly	 in	 the	 clinical	
imaging	sector,	mainly	due	to	a	longer	half-life	of	18F	(t1/2=109.8	min)	in	comparison	to	other	
radionucleotides	 such	 as	 11C	 (t1/2=20	 min),	 13N	 (t1/2=10	 min),	 15O	 (t1/2=2	 min).	 This	 allows		
investigation	 of	 metabolic	 pathways	 and	 biodistribution	 studies	 of	 new	 drugs	 and	 drug	
occupancy	 studies.4,87	 2-Deoxy-2-18F-fluoro-β -D-glucose	 (18F-FDG)	 being	 a	 fluorinated	
analogue	 of	 glucose,	 it	 is	 the	 most	 commonly	 used	 among	 fluorinated	 PET	 labelling	
compounds	 (Figure	 1.11).	 Due	 to	 substitution	 of	 the	OH	 group	 at	 C-2	 position	 by	 18F,	 the	
compound	cannot	undergo	glycolysis.	It	gets	phosphorylated	at	O-6	and	remains	stuck	in	the	
cells	 until	 the	 18F	 isotope	 decays	 into	 18O,	 to	 become	 glucose-6-phosphate.	 	 This	 tracer	 is	






























































































Scheme	1.30:	Synthesis	of	all-syn-1,2,4,5-tetrafluorocyclohexane;	 (i)	mCPBA,	CH2Cl2,	 -15	°C	to	 -10	°C,	52%;	 (ii)	DAST,	70	°C,	
24%.90	
	
It	 became	 an	 attractive	 objective	 to	 prepare	 the	 hexafluorocyclohexane	 (HFCH)	
derivatives.88	Only	one	 report	 suggesting	 the	possible	 synthesis	of	hexafluororcyclohexane	
had	 been	 reported.	 This	 involved	 treating	 benzene	 with	 KCoF3	 complex	 to	 furnish	 HFCH	
(Scheme	 1.31).88	 The	 stereochemistry	 suggested	 at	 the	 time	 proposed	 that	 the	 fluorine	
atoms	 were	 all	 all	 trans	 in	 relation	 to	 each	 other,	 however	 it	 was	 not	 confirmed	 and	 a	



























































A	 synthesis	 of	 all-syn-hexafluorocyclohexane	 followed	 because	 it	 was	 predicted	 to	 be	 the	
most	polar	of	all	possible	isomers.	According	to	Zdravkovski	et.al.	this	is	the	highest	energy	
stereoisomer	 of	 the	 nine	 configurational	 isomers	 and	 thirteen	 conformational	 isomers.	 92	
The	 polarity	 is	 arises	 due	 to	 the	 three	 axial	 C-F	 bonds	 however,	 it	 was	 uncertain	 if	 the	
synthesis	 of	 such	 a	 stereoisomer	 was	 possible	 because	 of	 the	 potential	 for	 elimination	
reactions,	 which	 may	 be	 preferable	 during	 the	 synthesis	 to	 overcome	 these	 steric	 and	
electronic	 repulsions.93	 However	 in	 2015,	 all-cis-hexafluorocyclohexane	 (1.111)	 was	























































Scheme	 1.33:	 Synthesis	 of	 all-cis-1,2,3,4,5,6-hexafluorocyclohexane;	 i)	 HC(OEt)3,	 pTSA,	DMF,	 5	 days,	 100	 ˚C,	 69%;	 ii)	 NaH,	





Interestingly	 it	 has	 been	 noted	 from	 the	 X-ray	 analysis	 of	 all-cis-hexafluorocyclohexane	
1.111,	 that	 the	 triaxial	 F-atoms	 are	 2.77	 Å	 from	 each	 other,	 a	 longer	 distance	 than	 the	
adjacent	 Fax-Feq	 distances	 (2.73	 Å),	 suggesting	 increased	 repulsion	 between	 the	 axial	 and	
equatorial	 fluorine	atoms,	a	 repulsive	 force	which	acts	 to	stabilise	 the	chair	 conformation.	
These	 fluorinated	 cyclohexane	motifs,	 are	 unique	 due	 their	 ‘Janus-like’	 facial	 polarity	 and	
they	present	a	novel	motif	in	organic	chemistry.	
In	 an	 exciting	 development	 by	 Glorious	 et.al,	 they	 have	 shown	 in	 2017	 that	 all-cis-
hexafluorocyclohexane	 (1.111)	 can	 be	 prepared	 in	 a	 one-step	 procedure	 by	 direct	
hydrogenation	 of	 hexafluorobenzene.	 This	 remarkable	 approach	 uses	 a	 homogeneous	
ruthenium–N-heterocyclic	 carbene	 (NHC)	 catalyst	 (1.113)	 and	 results	 in	 complete	
	 47	
stereoselective	 hydrogenation	 (Scheme	 1.34).94	 The	 reduction	 has	 also	 been	 applied	 to	 a	
range	 of	 readily	 accessible	 fluorinated	 arenes	 such	 as	 tetrafluoro	 cyclohexane	 1.95,	





























of	5	steps,	 starting	 from	a	Birch	 reduction	of	biphenyl,	 followed	by	diepoxidation	 to	1.116	
(Scheme	1.35).	Diepoxide	1.116	 is	 then	fluorinated	using	triethylamine	HF,	 resulting	 in	 the	
formation	 of	 two	 fluorohydrin	 isomers.	 They	 are	 converted	 together	 into	 their	
corresponding	 triflates,	 1.119	 and	 1.120.	 Finally	 fluorination	 generated	 the	 desired	
tetrafluoro	 cyclohexane	 1.122	 as	 well	 as	 a	 trifluorocyclohexene	 (1.121)	 in	 equal	 ratios.95	









Scheme	 1.35:	 Synthesis	 of	 all-cis-1,2,4,5-tetrafluoro-3-phenylcyclohexane	 and	 fluorination	 of	 ditriflate	 [2H2]-99;	 i)	 Li,	 NH3,	




In	 this	 context,	 several	 studies	 have	 been	 conducted,	 involving	 electrophilic	 aromatic	
substitution	 reactions	 to	 prepare	 the	 nitro,	 bromo	 and	 iodo	 derivatives	 of	
tetrafluorophenylcyclohexane.	These	products	then	used	to	generate	a	range	of	tetrafluoro	




























1.124 1.125 1.126 1.127














































































































































































































































The	 novel	 properties	 associated	 with	 all-cis-fluorinated	 cyclohexanes	 have	 stimulated	 the	
development	 of	 synthetic	 methods	 to	 expand	 the	 structural	 diversity	 of	 these	 unusual	
building	blocks.	As	described	in	Chapter	1,	the	all-cis-2,	3,	5-6	tetrafluorophenylcyclohexane	
motif	1.122,	is	a	valuable	building	block	with	potential	in	different	research	programs.	1,2	The	
phenyl	 ring	 of	 this	 motif	 was	 found	 to	 be	 amenable	 to	 a	 range	 of	 electrophilic	 aromatic	
substitution	 reactions,	 which	 has	 provided	 range	 of	 valuable	 intermediates,	 including	 the	
eventual	incorporation	of	this	motif	into	amino	acids.3–5	To	date,	such	transformations	have	
been	 performed	 exclusively	 on	 the	 phenyl	 ring,	while	 the	 rest	 of	 the	motif	 has	 remained	
untouched.		






















































with	 sodium	 azide	 in	 DMF	was	 carried	 out	 (Table	 2.1).	 Unfortunately,	 each	 attempt	 with	
altering	 the	 reaction	 conditions	 led	 solely	 to	 substitution	 of	 the	 bromine	 at	 the	 benzylic	
position	by	an	hydroxyl	group,	resulting	in	tertiary	alcohol	2.3.6	Further	studies	to	investigate	
the	mechanism	of	this	unexpected	reaction	revealed	that	the	reaction	proceeds	exclusively	










Entry	 Solvent	 NaN3	 H2Oa	 Conversionb	
1	 DMF	 present	 absentC	 100%	
2	 DMF	 absent	 absent	 100%	
3	 DMF	 absent	 5%	 0%	
4	 MeOHd	 present	 absent	 0%	
5	 MeOHd	 present	 5%	 0%	
6	 DCMd	 absent	 absent	 0%	
7	 DCMd	 absent	 5%	 0%	
	





























DMF	 as	 described	 by	 Liu	 et.al	 and	 shown	 on	 Scheme	 2.3,	 the	 reaction	 with	 2.1	 was	
conducted	in	an	NMR	tube	and	carried	out	directly	in	an	NMR	machine,	at	80	°C	using	DMF	
as	a	 solvent.	 The	 formation	of	 the	new	signals	 (δ	 -196.4	ppm	and	208.2	ppm)	 (Figure	2.1,	
section	A	and	B)	close	to	the	chemical	shifts	of	the	product	were	observed.	The	new	signal	at	
δ	 -196.4	ppm	appeared	after	 just	1	h	at	80	 °C	and	at	2	h	a	 second	signal	at	δ	 -197.4	ppm	

















































magnified	 spectrum	 areas	 for	 signals	 of	 product	 2.3;	 19F	 [1H]	 NMR	 spectra	 are	 stacked	 one	 upon	 another,	 starting	 from	































An	 X-ray	 structure	 of	 product	 alcohol	 2.3	 (Scheme	 2.4)	 demonstrated	 that	 the	
stereochemistry	had	the	hydroxyl	group	on	the	opposite	face	of	the	cyclohexane	ring	to	the	
fluorine	 atoms.	 This	 suggests	 direct	 nucleophilic	 attack	 to	 the	 hydrogen	 face	 of	 the	 ring	
through	an	SN1	pathway,	with	the	nucleophile	attacking	opposite	to	the	fluorine	atoms.		





through	 the	 use	 of	 triflic	 anhydride	 in	 pyridine	 (Scheme	 2.4,	 ii).	 Acetamide	2.13	 was	 also	
obtained	 directly	 from	 benzyl	 bromide	 2.1,	 following	 the	 same	 procedure	 as	 show	 on	
Scheme	2.4	(reaction	iii).		
HCl-promoted	hydrolysis	of	the	acetamide	2.13	lead	to	two	products	in	an	approximate	ratio	































































































































The	 assignment	 of	 the	 1H	 NMR	 spectrum	 of	 2.14.a.	 was	 secured	 by	 2D	 homonuclear	






















































A	straightforward	Karplus	analysis	 is	helpful.	A	 large	H,H	vicinal	 coupling	constant	of	 3JHH	=	
8.6	 Hz	 is	 observed	 for	 H2-H3,	 which	 is	 consistent	 with	 an	 antiperiplanar	 arrangement	
relative	 to	 each	 other,	 as	 shown	 on	 structure	 2.14.a	 (eq.)	 (Figure	 2.4).34,35	 	 If	 the	 OH	
configuration	was	inverted,	then	a	lower	coupling	constant	would	be	anticipated	for	3JHH	for	
H2-H3.	This	coupling	constant	can	be	compared	to	that	of	3JHH		of	H5-H6,	which	is	only	2	Hz.	

























In	 order	 to	 further	 explore	 the	 preferred	 solution	 state	 conformations	 of	 2.14.a,	 2D	 19F	
Heteronuclear	NOESY	 (HOESY)	experiments	were	conducted	by	sequentially	 irradiating	 the	
fluorine	 signals	 corresponding	 to	 F-3,	 F-5	 an	 F-6	 (Figure	 2.5	 for	 F-6,	 Experimental	 section	
7.3.1,	Figure	1	for	F-3	and	F-5	).	This	allows	identification	of	hydrogen	atoms	that	are	close	in	
space	 to	 the	 fluorines.	Upon	 irradiation	 of	 F-6,	 the	 2D	HOESY	NMR	 experiment	 showed	 a	
through	 space	 correlation	 to	 the	 H-2	 proton	 (Figure	 2.5,	 B).	 This	 suggesting	 a	 diaxial	
relationship	between	H2	and	F-6	consistent	with	conformer	2.14.a.	(eq.).	No	correlation	was	
observed	between	any	other	proton	or	 fluorine	environments	 (Experimental	 section	7.3.1,	










The	 3JHH,	 3JFH	 coupling	 constants	 and	 the	HOESY	NMR	data	 support	 a	 structure	 for	2.14.a,	
where	the	amine	and	alcohol	groups	are	syn	to	each	other	and	that	fluorine	was	replaced	by	
OH,	with	a	retention	of	configuration.		
A	 mechanism	 for	 the	 formation	 of	 2.14.a	 is	 proposed	 which	 is	 consistent	 with	 an	
intermolecular	 displacement	 of	 fluoride	 by	 the	 acetamide	 carbonyl,	 followed	 by	
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participation	of	the	phenyl	ring	through	a	phenonium	intermediate	2.20	and	then	attack	by	
water	 as	 shown	 in	 Scheme	 2.5.	 10–15	 Several	 experiments	 were	 carried	 out	 altering	 the	
conditions	of	HCl	hydrolysis	in	an	effort	to	find	optimum	conditions	favouring	2.15,	however		





It	 became	 an	 objective	 to	 cleave	 the	 phenyl	 ring	 and	 convert	 it	 to	 a	 carboxylic	 acid	
derivative.	The	carboxylic	acid	amide	derivative	2.21	was	obtained	by	oxidative	degradation	
of	 the	 phenyl	 ring	 of	 2.5	 using	 a	 catalytic	 amount	 of	 ruthenium	 trichloride	 hydrate	 and	
periodic	 acid	 under	 the	 biphasic	 (CCl4/H2O/MeCN)	 solvent	 system	 described	 by	 Sharpless	
et.al.	(Scheme	2.6).16	Hydrolytic	cleavage	of	acetamide	2.21	proceeded	in	a	smooth	manner	
furnishing	 the	 all-cis-2,	 3,	 5,	 6-	 tetrafluorocyclohexane	 amino	 acid	2.22	 (Scheme	 2.6),	 this	









1	 6M	HCl,	reflux,	 6	h	 2:3	
2	 6M	HCl,	70°C,	 18	h	 2:3	






	 	 	 	
	 	 	 	


























The	 amino	 acid	2.22,	which	was	 prepared	with	 an	 overall	 yield	 of	 4%	 in	 nine	 steps,	 is	 an	
analogue	 of	 the	well	 described	 cyclohexyamino	 acid	 2.23	 (Scheme	 2.6).	 This	 latter	 amino	




























































benzotriazol-1-yl)-1,1,3,3-tetramethyluronium	 tetrafluoroborate	 (TBTU);	 1-hydroxy-1H-benzotriazole	 (HOBt);	 N,N-







In	 order	 to	 explore	 the	 reactivity	 and	 properties	 of	 all-cis-fluorinated	 amino	 acid	 2.22,	 a	
tripeptide,	Gly-Pro-Glu	(GPE)	analogue,	was	synthesised.21	The	GPE	tripeptide	analogue	was	
chosen	for	 its	known	neuroprotective	activity	and	 its	structural	simplicity.21	As	such,	 it	was	
utilised	as	a	promising	starting	point	 for	 the	development	of	 	peptodidomimetics	with	this	
new	motif.	
Coupling	the	C-terminus	of	2.22	to	glutamic	acid	dibenzyl	ester	(2.24)	lead	to	the	formation	
of	 dipeptide	 2.25	 (Scheme	 2.7).	 However,	 the	 subsequent	 coupling	 of	 the	 N-terminus	 to	
Fmoc-Glycine,	 was	 unsuccessful.	 Several	 reaction	 conditions	 were	 tried,	 including	 various	
coupling	reagents	and	harsher	reaction	conditions	(Scheme	2.7),	though	none	afforded	any	
reaction	at	the	amine.	As	such,	the	N-terminus	proved	to	be	unreactive.	This	 is	most	 likely	










































The	phenyl	 ring	 in	pentafluoro	cyclohexane	2.26	was	 then	subjected	 to	oxidative	cleavage	
using	 a	 ruthenium	 tetroxide	 complex	 to	 successfully	 furnish	 carboxylic	 acid	 2.27	 (Scheme	
2.8).	 It	 is	 notable	 that	direct	oxidation	of	 phenyl	 all	cis-2,	 3,	 5,	 6	 –tetrafluoro-cyclohexane	
1.122	 by	 this	 method	 is	 ineffective,	 as	 the	 presence	 of	 the	 α-hydrogen,	 leads	 to	 HF	
elimination	 and	 breakdown.22	 However	 with	 2.26,	 the	 fluorine	 atom	 operates	 as	 a	 block	
group	to	prevent	HF	elimination,	forming	carboxylic	acid	2.27,	which	is	stable	and	relatively	
easy	to	isolate.		
Reduction	 of	 carboxylic	 acid	 2.27	 with	 borane	 tetrahydrofuran	 furnished	 pentafluoro	
cyclohexane	 alcohol	 2.28.16	 This	 pentafluoro	 alcohol	 2.28	 was	 found	 to	 sublime	 under	
reduced	 pressure	 and	 was	 volatile	 at	 atmospheric	 pressure.	 In	 an	 effort	 to	 temper	 this	
volatility,	 2.28	 was	 converted	 to	mesylate	 2.29	 using	mesyl	 chloride	 in	 order	 to	make	 an	



































Carboxylic	 acid	2.26	 offers	 an	 attractive	 building	 block	 for	 bioactives	 research,	 and	 in	 this	
context	 it	 became	 of	 interest	 to	 explore	 α-fluoroamide	 derivatives	 that	 can	 be	 obtained	
from	2.26.	24,25	α-Fluoroamide	conformations	have	been	the	subject	of	significant	interest	in	
several	 peptide	 conformation	 studies.	 One	 such	 study	 by	 Banks	 et	 al.,	 showed	 that	 α-
fluoroamide	 derivatives	 such	 as	2.30	 adopt	 a	 trans-planar	 conformation	 around	 the	 (O)C-


























With C-H - O interaction, α-fluoroamides adopts cis-planar 




The	conformation	 is	 favored	as	 there	 is	decreased	 repulsion	between	 the	carboxyl	oxygen	
and	the	fluorine	and	a	strong	CF…H(N)	electrostatic	attraction.	This	gives	an	overall	dipolar	
relaxation	between	the	amide	and	C-F	dipoles.26	Jones	et	al.,	however,	revealed	that	these	
preferential	 conformations	 can	 be	 intercepted	 by	 inter-	 and	 intra-molecular	 hydrogen	





In	 order	 to	 study	 the	 intrinsic	 rotational	 preferences	 of	 the	 fluorinated	 carboxyamides,	 a	
conformational	 analysis	 was	 performed	 by	 professor	 Michael	 Buehl	 for	 α-fluoro	
methylamide	2.33	 (Figure	2.7)	as	a	model	amide	at	 the	B3LYPi/6-311+G**	 level	of	density	



















Figure	2.8:	Rotational energy profiles about the C(F)-C(=O) bond in model methylamide 2.33 for the target conformations  in 
gas phase (B3LYP/6-311+G** level). Energies are in kcal mol-1 relative to the most stable conformer (eq1).	
	
angles	 (θ)	 frozen	 at	 values	 in	 steps	 of	 10°	 and	 minimizing	 the	 rest	 of	 the	 molecule.	 The	
resulting	profiles	are	displayed	in	Figure	2.8.	
Within	 these	 profiles,	 higher-lying	 minima	 were	 apparent,	 and	 were	 subjected	 to	 full	
geometry	 optimisations,	 affording	 rotamers	 ax2	 and	 eq2.	 Relative	 energies	 and	 salient	



























































































ΔErel [kcal mol-1] gas phase 























nearest dF...H(N) [Å] d 2.084 2.141 1.991 2.112 






























that	 in	 a	 polar	 aqueous	 environment	 the	 comparative	 energies	 of	 all	 of	 the	 minima	



































In	 order	 to	 analyse	α-fluoroamide	 conformations	 by	 solid	 and	 solution	 phase	 studies,	 the	
carboxylic	 acid	2.27	 was	 coupled	with	 benzylamines	a-d,	 which	 are	 distinguished	 by	 their	
para-aryl	substitution	(Scheme	2.9).	Using	standard	coupling	conditions	with	EDCI,	HOBt	and	
NMM,	the	four	fluorinated	carboxamides,	2.34,	2.35,	2.36	and	2.37	were	obtained	in	good	



























































used:	 4-Bromobenzylamine	 (amine	 a),	 1,4-Phenylenedimethanamine	 (amine	 b),	 4-fluorobenzylamine	 (	 amine	 c),	 4-
nitrobenzylamine	(amine	d)	
In	 addition	 the	 para-nitrobenzyl	 amide	2.37	was	 then	 reduced	 to	 its	 corresponding	amine	








From	 the	 synthesised	 range	 of	 amide	 products,	 2.34,	 2.35	 and	 2.37	 generated	 suitable	
crystals	for	X-ray	structure	analysis(Figure	2.10).	
Bis-amide	 2.35	 adopts	 ax1	 structure,	 which	 is	 a	 classical	 conformation	 of	 α-fluoroamide	
where	amide	oxygen	 is	directed	 towards	 the	 two	axial	 fluorines	and	distance	between	NH	









Finally	 the	 X-ray	 crystal	 structure	 of	 amide	 2.37	 (pNO2)	 shows	 that	 the	 N-H	 is	 orientated	
towards	F-1	and	is	positioned	at	a	distance	of	2.54	Å,	and	simultaneously	the	oxygen	on	the	























In	 order	 to	 explore	 preferred	 solution	 state	 conformations	 relative	 to	 their	 solid	 state	















NMR	 experiments,	 in	 order	 to	 define	 which	 hydrogen	 atoms	 have	 a	 close	 through	 space	
correlation	to	each	of	the	fluorine	environment	(Figure	2.12).	



























12.3	Hz	is	observed	for	H(3,5)-H(4a).	In	agreement	with	the Karplus equation, this coupling 






























bonds	 (F2/F6),	which	 result	 in	 an	 increase	of	molecular	diapole	 (Table	2.4).	An	alternative	
eq.1	conformation	emerges	to	be	a	preferred	arrangement	 in	chloroform,	where	sterically	
demanding	carboxamide	group	lies	equatorial,	and	the	N-H	hydrogen	is	able	to	pick	up	very	





Radical	 bromination	 on	 all-cis-2,	 3,	 5,	 6–	 phenyl	 tetrafluoro	 cyclohexane	1.122,	 generated	
2.1,	which	became	a	substrate	for	further	elaboration.	Derivatives	such	as	all-cis-tetrafluoro	
amino	acid	2.22	and	pentafluoro	carboxylic	acid	2.27	were	prepared.	Each	of	these	has	the	
potential	 to	 serve	 as	 a	 building	 blocks	 in	 chemical	 libraries.	 The	 stereochemical	 outcome	
(retention	 of	 configuration)	 of	 these	 reactions	 demonstrates	 the	 importance	 of	 the	
stereoelectronic	properties	of	 the	 fluorine	during	nucleophilic	 substitution.	 The	polarity	of	
the	 fluorine	 face	 creates	 an	 electron	 rich	 shield,	 which	 directs	 nucleophilic	 attack	 to	 the	
protic	face	of	the	cyclohexane	ring.	



































































































































1-methyl	 substituted	 2,3,5,6-all-cis-tetrafluorocyclohexane	 motif	 for	 use	 in	 library	
preparation	was	undertaken.1–4	A	key	design	 feature	of	 this	new	all-cis-tetrafluoro	motif	 is	
the	 replacement	 of	 the	 problematic	α-acyl	 hydrogen	 with	 a	 methyl	 group,	 generating	 a	
motif	 stable	 to	 hydrogen	 fluoride	 elimination.	 Use	 of	 such	 tetrafluorocyclohexane	
compounds	 to	 generate	 peptidomimetics	 would	 provide	 novel	 candidates	 for	 bioactivity	
screening	 programs.	 One	 of	 the	 most	 efficient	 methods	 to	 generate	 peptidomimetic	
compounds	is	through	an	Ugi	multicomponent	reaction.	This	protocol	was	named	after	Ivar	
Karl	 Ugi	 who	 reported	 the	 reaction	 in	 1959.5,6	 The	 classic	 Ugi	 reaction	 involves	 four	
components	 (4-UCR,	Ugi	 four-component	reaction),	comprising	of	an	amine,	an	isocyanide,	
a	carboxylic	 acid	 and	 a	 ketone	or	aldehyde.	 This	 combination	 results	 in	 an	 α-aminoacyl	
amide	product	as	illustrated	on	Scheme	3.1.	An	attractive	feature	of	this	approach	is	that	it	
generates	molecular	complexity	in	a	one-pot	reaction	with	high	yields	and	good	selectivity.	
















































The	 mechanism	 of	 the	 U-4CR	 reaction	 is	 shown	 in	 Scheme	 3.1	 and	 involves	 the	 initial	
condensation	 of	 the	 amine	 with	 an	 aldehyde,	 generating	 an	 imine	 intermediate.8	 This	 is	
followed	by	addition	of	the	isocyanide	carbon	to	the	imine	and	then	attack	by	the	carboxylic	
	 79	
acid	 (Scheme	3.1).	The	 final	 step	 involves	 the	 rearrangement	of	 the	acyl	 isoamide	 to	 form	
the	α-aminoacyl	amide	product,	also	known	as	a	Mumm	rearrangment.8,9	
In	 recent	 years,	 this	 reaction,	 along	 with	 related	 variants	 such	 as	 the	 Passerini	 three	






All-cis-1,2,4,5-tetrafluorocyclohexane	 derivatives	 offer	 a	 new	motif	 for	 the	 pharmaceutical	
industry,	which	has	no	obvious	analogue	or	counterpart.		It	became	an	aim	of	this	research	
to	 incorporate	 this	motif	 into	more	complex	structural	 frameworks.	With	 this	 in	mind,	 the	
initial	 target	here	was	all-cis-1,2,4,5-tetrafluorocyclohexane	alcohol	3.9.	This	could	then	be	
oxidised	 to	 the	 analogous	 aldehyde	 (3.10)	 for	 inclusion	 in	 4-UCR	 (Figure	 3.1).	 A	 synthetic	
route	 was	 developed,	 which	 lead	 to	 two	 diastereoisomers	 of	 the	 tetrafluorocyclohexane	











































The	 synthesis	 began	 from	 an	 established	 protocol	 of	 the	 benzoic	 acid	 Birch	 reduction	 in	
liquid	 ammonia,	 accompanied	 by	 in	 situ	 methylation	 to	 afford	 carboxylic	 acid	 (3.2).4,13	
Reduction	of	 carboxylic	acid	3.2	with	LiAlH4	gave	alcohol	3.3	 in	good	yield	 (Scheme	3.3).14	
Protection	of	the	primary	alcohol	(3.3)	with	benzyl	bromide	afforded	ether	3.4	(80%	yield),	
which	 was	 then	 epoxidised	 using	 an	 excess	 of	 mCPBA.15,16	 This	 reaction	 gave	 three	
diastereoisomers	 of	 the	 diepoxide	 3.5,	 cis	 (3.5.a	 and	 3.5.b)	 and	 trans	 (3.5.c)	 in	 ratio	 of	
6:4:1.4	
Diepoxides	(3.5.a)	and	(3.5.b)	were	co-purified	as	the	major	products	of	this	reaction	(70%	
yield)	 and	 the	 trans-diepoxide	3.5.c	was	 isolated	 separately	 as	 a	minor	product	 (7%	yield)	
(Scheme	 3.3,	 step	 v).	 The	 configuration	 of	 each	 of	 these	 epoxides	was	 determined	 by	 1H	
NMR	 spectroscopy.	 The	 cis-diepoxides	 (3.5.a	 and	 3.5.b)	 could	 be	 differentiated	 from	 the	
trans	 through	 the	 methylene	 hydrogen	 atoms	 4a	 and	 4b	 (Scheme	 3.2).	 In	 the	 trans-


























































no	 starting	 material	 was	 observed	 after	 an	 18	 h	 reaction	 time	 (1H	 NMR)	 and	 two	 new	



























Treatment	 of	 this	 product	 mixture	 with	 triflic	 anhydride	 in	 pyridine	 at	 0	 °C,	 after	
chromatography	resulted	in	two	diastereoisomeric		
triflates	 in	yields	of	30%	(3.7.a)	and	28%	(3.7.b)	respectively	(Scheme	3.4).Diastereoisomer	
3.7.a	 was	 then	 reacted	 with	 Et3N.3HF	 under	 forcing	 conditions	 (110	 °C)	 to	 give	
tetrafluorocyclohexane	 3.8.a	 only	 after	 3	 days,	 as	 shorter	 reaction	 times	 gave	 poor	
conversions.	This	isomer	has	all	of	the	fluorine	atoms	syn	to	the	methyl	group.	The	structure	















A	 similar	 procedure	 was	 carried	 out	 on	 diastereoisomer	 3.7.b,	 to	 generate	 3.8.b	 (36%),	
which	has	its	four	fluorine	atoms	syn	to	each	other	but	anti	to	the	methyl	group.	As	before,	



















Finally,	 the	 target	 aldehydes	 3.10.a	 and	 3.10.b	 were	 prepared	 by	 oxidation	 of	 primary	

























The	 yields	 for	 the	 fluorination	 reactions	 of	 difluoro	 ditriflates	 3.7.a	 and	 3.7.b	 were	 low,	
which	 was	 found	 to	 be	 due	 to	 the	 reactivity	 of	 the	 benzyl	 ether	 and	 possible	 fluoride	













The	 poor	 diastereoselectivity	 during	 the	 diepoxidation	 process	 added	 complexity	 (Scheme	
3.2,	step	v).	Epoxidation	of	benzyl	ether	3.4	gave	all	three	possible	diastereoisomers	(3.5.a,	
3.5.b	and	3.5.c	 in	a	ratio	of	6:4:1).	 It	was	not	 immediately	possible	to	determine,	which	of	
the	 cis-diepoxides	was	 syn	 and	anti	 to	 the	methyl	 group,	 due	 to	 the	 similarity	 of	 the	 C-4	
methylene	proton	environments	observed	by	1H	NMR.	Both	cis-diepoxides	eluted	and	could	
not	 be	 separated	 by	 conventional	 chromatography.	 In	 order	 to	 increase	 the	
diastereoselectivity	during	the	epoxidation	stage,	a	different	protecting	group	was	explored,	
in	an	effort	better	differentiate	each	face	of	the	cyclohexadiene	ring.		
tert-Butyldiphenylsilyl	 (TBDPS)	 was	 initially	 chosen	 as	 a	 protecting	 group	 due	 to	 its	 large	
size.22	 Favourable	 diepoxidation	 of	 3.11	 resulted	 in	 only	 one	 diastereoisomer	 (3.12),	 in	 a	
yield	of	69%	(Scheme	3.6).	This	was	isolated	by	chromatography	and	explored	in	subsequent	

















Epoxidation	was	also	 investigated	on	 the	 free	alcohol	 to	explore	co-cordination	by	mCPBA	
(Henbest	effect),	however	the	resulting	reaction	did	not	present	any	advantage	in	terms	of	
diastereoselectivity.23	1H	NMR	analysis	of	the	product	mixture	showed	equal	proportions	(6:	



















In	 a	 continuing	 effort	 to	 improve	 diastereoselectivity	 during	 diepoxidation,	 substitution	 of	
the	methyl	group	on	the	cyclohexadiene	ring	of	3.4	with	an	alternative	directing	group	was	
explored.	 In	 the	 first	 instance	 fluorination	was	 investigated.	 Its	 high	 electronegativity	was	
anticipated	to	direct	the	attack	of	mCPBA	to	the	opposite	face	of	the	double	bonds.	 In	our	










obtain	 cyclohexadiene	carboxylic	acid	3.17.13,24,25	Carboxylic	acid	3.17	was	 then	 reduced	 to	
alcohol	3.18	with	LiAlH4,	and	the	alcohol	was	treated	with	benzyl	bromide	to	generate	ether	



























v,	 scheme	 3.9).	 Conversions	were	 very	 low	 and	 attempts	 to	 purify	 only	minor	 fluorinated	
products	 were	 unsuccessful.	 In	 an	 attempt	 to	 progress	 these	 minor	 components,	 the	
synthesis	 was	 advanced	 further	 and	 the	 crude	 product	 was	 treated	 directly	 with	 triflic	






Target	 aldehydes	 3.10.a	 and	 3.10.b	 were	 prepared	 as	 substituents	 for	 use	 in	 Ugi	
multicomponent	 reactions.	 The	 most	 notable	 problem	 encountered	 during	 the	 synthesis	
was	the	inefficiency	of	the	second	fluorination	step	on	the	triflated	difluorohydrins	3.7.a	and	
3.7.b	and	the	selectivity	of	the	epoxidation	step.	Various	attempts	were	made	to	provide	an	
















3.4.	 Incorporation	 of	 tetrafluorocyclohexane	 aldehyde	 into	 Ugi	 four-
component	reactions.	
	







Scheme	3.10:	First	exploration	of	Ugi	four	multicomponent	reaction	using	tetrafluoro	aldehyde	3.10a;	DCM,	18 h at  rt, 15 h 
at 35°C, 58%.	
	
Due	 to	 the	persistent	presence	of	 the	aldehyde	 in	 the	 reaction	mixture,	after	5	h	at	 room	


































































reaction	 time,	 the	anticipated	amide	3.23	was	obtained	 in	58%	yield.	The	 structure	of	 the	












The	 complete	 condensation	was	 followed	by	TLC	and	 1H	NMR	where	after	18	hours	 there	
was	no	longer	any	observable	aldehyde	peak	(CHO)	(9.49	ppm	for	aldehyde	3.10.a	and	9.98	
ppm	 for	 3.10.b).	 The	 reaction	 then	 proceeds	 with	 the	 addition	 of	 the	 isocyanide	 and	
carboxylic	acids.	
Using	both	diastereoisomers	of	tetrafluoro	aldehydes,	3.10.a	and	3.10.b	along	with	a	range	





























































































others	 emerged	 as	 a	 result	 of	 the	 Passerini	 reaction	 (Table	 3.1	 and	 3.2),	 through	 direct	




During	 this	 synthetic	 study,	 the	 majority	 of	 combinations	 of	 the	 four	 components	 were	
found	 to	 produce	 both	 U-4CC	 and	 Passerini	 type	 products.	 Since	 the	 modified	 U-4CR	
procedure	 towards	 the	 generation	 of	 these	 peptidomimetics	 ensured	 an	 initial	 full	

































is	detected	when	 tert-butyl	 isocyanide	 is	used	 in	 the	 reaction	with	aldehyde	3.10.a	and	 in	
reaction	 with	 aldehyde	 3.10.b,	 the	 ratio	 of	 Ugi	 (3.34)	 to	 Passerini	 (3.35)	 products	 is	 1:2	
(Table	3.1).		
The	pKa	of	 the	carboxylic	acids	used	was	also	 found	 to	have	a	significant	 influence	on	 the	
resulting	product	(Tables	3.1	and	3.2).	The	more	acidic	the	carboxylic	acid	the	more	the	ratio	
was	biased	 in	 favor	of	 the	Passerini	 type	product.	Only	U-4CC	product	3.23	was	observed	
when	acetic	acid	(pKa=	4.8)	 is	used,	while	the	use	of	benzoic	acid	(pKa=	4.2)	gave	the	3.24	








































































Compounds: 3.25 - 3.27, 3.29, 3.31, 
                       3.35, 3.37, 3.40
Compounds: 3.23, 3.24, 3.28, 3.30, 3.32,































	 	 	 	 	 										3.23	(58%)	 	 	
2	 A1	 B1	 C2	 40	h,	35	°C,	DCM	
													 	 	
2:1	
	 	 	 	 	 										3.24	(25%)	 					3.25	(20%)	 	




	 	 	 	 	 	 			3.26	(82%)	 	




	 	 	 	 	 	 								3.27	(79%)	 	
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8	 A1	 B1	 C1	 40	h,	35	°C,	DCM		
	
N/A	 -	
	 	 	 	 	 3.32	(72%)	 	 	
9	 A1	 B1	 C2	 40	h,	35	°C,	DCM	
	
N/A	 -	
	 	 	 	 	 3.33	(80%)	 	 	
10	 A1	 B2	 C1	 40	h,	35	°C,	DCM	
	 	
1:2	
	 	 	 	 	 3.34	(26%)	 3.35(41%)	 	
11	 A1	 B2	 C2	 40	h,	35	°C,	DCM	
	 	
1:2	
	 	 	 	 	 3.36	(18%)	 3.37	(25%)	 	
12	 A1	 B1	 C3	 40	h,	35	°C,	DCM	
	
N/A	 -	
	 	 	 	 	 3.38	(46%)	 	 	







	 	 	 	 	 3.39	 3.40	(43%)	 	
14	 A2	 B1	 C1	 40	h,	35	°C,	MeOH	
	
N/A	 -	

































































Replacing	 allylamine	 for	 p-anisidine	 resulted	 in	 Passerini	 products	 3.31	 (using	 aldehyde	
3.10.a)	 and	 3.40	 (aldehyde	 3.10.b)	 as	 major	 products,	 while	 using	 dichloromethane	 as	 a	
solvent.	 The	 ratio	 changed	 dramatically	 once	 dichloromethane	 was	 substituted	 with	
methanol,	 producing	 Ugi	 products	 3.30	 and	 3.39	 (Table	 3.1	 and	 3.2).	 Different	
diastereoisomers	 of	 aldehydes	 (3.10.a	 and	 3.10.b)	 with	 the	 same	 set	 of	 carboxylic	 acids,	
isonitriles	and	amines	also	resulted	in	different	in	Ugi/Passerini	ratios.	As	a	general	trend,	U-
4CC	type	product	is	more	favoured	using	aldehyde	3.10.b	 (with	the	aldehyde	moiety	being	




However,	 the	multicomponent	 products	 differ	 due	 to	 the	 formation	of	 a	 new	 stereogenic	
center.	 Now	 the	 two	 sets	 of	 originally	 equivalent	 fluorines	 become	 diastereotopic	 and	 all	
























In	 conclusion,	 two	 diastereoisomers	 of	 all-cis-2,3,5,6-tetrafluorocyclohexane	 aldehyde	
motifs	 were	 prepared	 through	 a	 nine-step	 route.	 These	 organofluorine	motifs	 have	 been	
incorporated	 into	 U-4CC	 reactions,	 generating	 a	 small	 chemical	 library	 of	 fluorinated	
peptidomimetics.	 In	 total	 10	 α-aminoacyl	 amides	 and	 8	 α-acyloxy	 amides	were	 prepared.	

































































The	 synthesis	 of	 all-cis-phenyl-2,	 3,	 5,	 6-tetrafluorocyclohexane	 1.122	 has	 provided	 the	
starting	 point	 for	 the	 production	 of	 a	 diverse	 library	 of	 compounds	 carrying	 a	 tetrafluoro	
cyclohexyl	moiety	with	 ‘all-cis-fluorines’,	 as	 described	 in	 Chapters	 1	 and	 2.1–5	However,	 as	
noted	in	Chapter	1	(Section	1.6),	a	major	issue	during	these	syntheses	was	the	formation	of	
the	 side	 product	 1.121,	 which	 arose	 through	 elimination	 followed	 by	 a	 phenonium	 ion	
rearrangement	(Scheme	4.1).3,4	
	
Scheme	 4.1:	 Phenonium	 ion	 rearangment	 during	 synthesis	 towards	 all-cis-phenyl-2,	 3,	 5,	 6-tetrafluorocyclohexane	 1.122,	
Chapter	1.	
In	phenonium	ion	rearrangment	reactions,	an	aryl	group	contributes	to	the	delocalisation	of	
a	 positive	 charge	 through	 the	 formation	of	 a	 phenonium	 ion	 intermediate	 by	 neighboring	
group	participation.	These	type	of	 reactions	have	been	thoroughly	 investigated	 in	the	past	
few	decades.6–8	Early	reports	of	this	rearrangements	were	detailed	by	Cram	et.	al,	whereby	
the	 acetolysis	 of	 p-toluenesulfonate	 (4.1)	 resulted	 in	 an	 equimolar	 mixture	 of	 two	major	








It	 has	 also	 been	 shown	 by	 Olah	 et.al	 that	 the	 reaction	 of	 trityl	 cation	 4.6	 and	 diphenyl	
diazomethane	 4.5	 also	 involves	 phenonium	 ion	 neighbouring	 group	 participation.11	
Deuterium	 and	 13C	 labelling	 experiments	 established	 that	 the	 reaction	 proceeds	 through	































3,	 describes	 the	 synthesis	 of	 such	 a	motif,	whereby	 during	 the	Birch	 reduction	 of	 benzoic	








A	problem	with	 this	methylated	building	block	was	 the	poor	 selectivity	 it	 exhibited	during	
the	epoxidation	stage	of	 the	synthesis,	which	 lead	 to	 two	diepoxide	diastereoisomers	 that	
proved	impossible	to	separate	by	column	chromatography	(Chapter	3).	Despite	the	positive	
effects	 of	 having	 a	 blocking	 alpha	methyl	 group	 at	 the	 benzylic	 position,	 which	 provided	
stability	 to	 this	all-cis-fluorinated	cyclohexane	motif,	 the	 resulting	 two	diastereoisomers	of	



















































As	 part	 of	 an	 overall	 aim	 to	 improve	 and	 expand	 the	 structural	 diversity	 of	 the	 all-cis	
tetrafluorocyclohexane	motif,	it	was	decided	to	modify	the	synthetic	procedure	towards	all-




reactions	 towards	 synthesis	 of	 all-cis-phenyl-2,3,5,6-tetrafluorocyclohexane	 1.122,	




Following	 a	 literature	 method,	 the	 synthesis	 of	 methylated	 all-cis-phenyl-2,3,5,6-
tetrafluorocyclohexane	4.16	 (Figure	4.1)	began	from	the	Birch	reduction	of	biphenyl	1.114.	
This	included	a	treatment	with	liquid	ammonia	and	lithium	metal	at	-78	°C,	followed	by	an	in	









Epoxidation	 of	 diene	 4.11	 with	 an	 excess	 of	 mCPBA	 afforded	 cis-diepoxide	 4.12,	 the	
configuration	of	which	was	confirmed	by	X-ray	crystallography.	As	anticipated,	it	was	found	
to	have	both	epoxides	positioned	on	 the	opposite	 side	of	 the	 ring	 from	 the	phenyl	 group	
(Figure	4.2).14,15	
The	 ring	opening	of	diepoxide	4.12	with	Et3N.3HF	at	140	 °C	 resulted	 in	difluoro	diols	4.13	
and	4.14	in	a	2.8:1	ratio	as	indicated	by	19F-NMR	(Scheme	4.5).16,17	Diols	4.13	and	4.14	could	






The	mixture	 of	4.3	 and	4.4	 was	 subsequently	 treated	with	 triflic	 anhydride	 in	 pyridine	 to	
afford	 triflate	4.15	 as	 the	major	product	 (Scheme	4.5).	No	other	 significant	products	were	
observed.	For	instance	there	was	no	obvious	trace	of	the	presence	of	the	triflate	that	arises	








































Both	 products	 4.16	 and	 4.18	 were	 found	 to	 be	 crystalline	 solids	 and	 their	 structure	 and	
stereochemistry	 was	 confirmed	 through	 X-ray	 structure	 analysis,	 as	 shown	 in	 Figure	 4.3.	
Formation	of	4.18,	which	contains	an	exocyclic	double	bond,	clearly	occurs	via	a	phenonium	











Since	 this	 fluorination	 route	 proved	 to	 be	 less	 successful	 than	 was	 anticipated,	 it	 was	
decided	 to	explore	an	alternative	 fluorinating	 reagent	 in	order	 to	minimise	unwanted	side	
































of	4.20.	Notably,	 the	signal	at	 -145	ppm	 is	consistent	with	a	 fluorine	atom	positioned	at	a	
tertiary	carbon	(Figure	4.4).			
The	formation	of	4.20	can	be	explained	by	acid	catalyzed	epoxide	ring	opening,	which	drives	
the	 formation	 of	 an	 unsymmetrical	 phenonium	 ion	 intermediate	 4.19,	 followed	 by	


















Although	 these	 synthetic	 pathways	 are	 not	 particularly	 useful	 for	 the	 preparation	 of	 a	
tetrafluorocyclohexyl	 motif,	 they	 reveal	 interesting	 mechanistic	 details,	 particularly	
concerning	 phenonium	 ion	 rearrangements.	 During	 these	 rearrangements	 the	 manner	 in	
which	the	aryl	group	is	involved	in	neighbouring	group	participation	is	dependent	upon	the	




















product	4.18.	When	 the	more	 acidic	 deoxoflurinating	 reagent	 Py.Hf	 is	 used	 (Scheme	 4.6),	








































provide	 access	 to	 a	 wider	 range	 of	 such	 building	 blocks	 for	 use	 by	 the	 broader	 research	
community,	consequently	the	focus	turned	to	the	development	of	an	amine	building	block.	
1–6	
There	 were	 challenges	 encountered	 during	 the	 synthesis	 of	 all-cis-tetrafluorocyclohexane	
motifs	 (see	Chapters	 3	 and	4).	 These	 included	 the	 selectivity	 exhibited	during	 epoxidation	
reactions	and	the	poor	stability	of	these	compounds.	As	a	consequence	it	was	decided	not	to	
further	 derivatise	 the	 already	 prepared	 tetrafluoro	 cyclohexane	 motifs,	 but	 rather	 to	
develop	 a	 new,	 analogous,	 pathway.	 The	 initial	 strategy	 involved	 selecting	 a	 starting	
material,	 which	 possessed	 a	 stable	 functional	 group	 that	 would	 not	 require	
protection/deprotection	 steps,	 and	 would	 direct	 and	 improve	 the	 epoxidation	 selectivity.	
Benzonitrile	 (5.1)	 was	 selected	 as	 a	 starting	 material	 to	 prepare	 tetrafluoro	 cyclohexane	
amine	(5.7)	(Scheme	5.1).	The	nitrile	functional	group	has	the	advantage	that	it	is	relatively	
easily	reduced	to	an	amine	and	does	not	need	protection.	The	installation	of	a	methyl	group	


























carried	 out	 following	 a	 previously	 reported	 procedure	 of	 cyclohexadiene	 5.2.7,8	 In	
comparison	to	the	previous	Birch	reductions	of	biphenyl	or	benzoic	acid,	where	conversion	
was	 high,	 the	 yields	 for	 this	 Birch	 reduction	 were	 considerably	 lower,	 and	 systematically	
showed	an	average	of	30%.	
Epoxidation	 of	 cyclohexadiene	 (5.2)	 with	 mCPBA	 resulted	 in	 the	 generation	 of	 three	
diepoxide	diastereoisomers,	in	a	ratio	of	10:	15:	13	(5.3.a:	5.3.b:	5.3.c)	(Scheme	5.2),	one	of	
which	was	the	racemic	trans-diepoxide	(5.3.c).	The	other	two	diepoxides	were	the	relative	
syn	 (5.3.a)	and	 anti	 (5.3.b)	products	 in	 relation	 to	 the	nitrile	 functional	 group.1,2,6,9,10	After	
column	chromatography,	diepoxide	5.3.a	was	isolated	in	an	18%	yield,	however	diepoxides	










explored,	 however	 neither	 reaction	 using	 vanadyl	 acetylacetonate	 with	 tert-butyl	
hydroperoxide,	 nor	 epoxidation	 with	 2,2,2-trifluoroacetophenone	 and	 hydrogen	 peroxide	
resulted	in	any	conversion	(Table	5.1).11,12		
Treatment	of	5.3.a	with	Et3N.3HF	at	140	°C	resulted	in	a	full	conversion	to	the	ring	opened	
fluorohydrin	5.4.a.	 Only	 a	 single	 isomer	 could	 be	 detected	 by	 19F	 NMR.	 This	 product	was	
then	treated	directly	with	triflic	anhydride	 in	pyridine,	to	generate	ditriflate	5.5.a	 in	a	30%	






















3	 2,2,2-Trifluoroacetophenone	 (0.05	 eq.),	 30%	
aqueous	 H2O2	 (2	 eq.),	 MeCN	 (2	 eq.),	 t-BuOH,	


























































The	 reaction	 was	 monitored	 by	 19F-NMR,	 and	 even	 though	 the	 conversion	 of	 5.6.a	 was	
shown	to	be	almost	quantitative,	the	isolated	yield	was	modest.	This	was	in	part	due	to	the	
fact	that	although	the	compound	was	crystalline,	it	was	also	found	to	be	volatile	and	easily	
sublimed	 under	 reduced	 pressure.	 Hydrogenation	 (10%	 Pd/C	 in	 ethyl	 acetate)	 of	 5.6.a	 to	
form	amine	5.7.a	proved	difficult,	as	conversions	were	unreliable	and	low.	13–15	The	structure	
and	stereochemistry	of	5.7.a	was	confirmed	by	X-ray	crystallography	(Scheme	5.3).	In	order	
to	 improve	 this	 conversion,	 the	 hydrogenation	 reaction	 was	 repeated	 under	 similar	
conditions	but	with	 the	addition	of	 formic	acid	and	 triethylamine	 (molar	 ratio	37:1).14	The	




























































direct	 hydrogenation,	 which	 lead	 to	 a	 full	 reduction	 of	 the	 nitrile	 to	 the	 amine	 (Scheme	
5.3).16,17		
A	 similar	 synthetic	 protocol	was	 applied	 to	 the	mixture	 of	 diastereoisomers	 of	 diepoxides	
5.3.b	and	5.3.c,	which	began	with	deoxyfluorination	of	the	isomeric	mixture	(Et3N.3HF,	140	
°C).	 This	 gave	 an	 inseparable	mixture	 of	 difluoro	 diols	5.4.b	 and	 5.4.c	 (Scheme	5.4).	 	 This	
mixture	of	isomers	was	then	treated	with	triflic	anhydride	to	furnish	5.5.b	and	5.5.c.	These	
isomers	were	readily	separated	by	column	chromatography.	As	such,	the	final	fluorination	of	
5.5.b	 and	 5.5.c	 was	 carried	 out	 on	 the	 separated	 isomers,	 but	 under	 similar	 conditions,	
resulting	in	the	nitriles	5.6.b	and	5.6.c	respectively	(Scheme	5.4).	
The	 structures	 and	 stereochemistry	 of	 both	5.6.b	 and	5.6.c	 were	 also	 confirmed	 by	 X-ray	
structure	analysis,	as	shown	 in	Scheme	5.4.	Each	of	 these	nitriles	was	 individually reduced	
with	nickel	chloride/NaBH4,	furnishing	tetrafluoro	amine	5.7.b	and	5.7.c.	Tetrafluoro	amine	
5.7.b	 was	 also	 found	 to	 be	 a	 crystalline	 solid	 and	 its	 structure	 was	 confirmed	 by	 X-ray	
analysis	(Figure	5.2).	The	racemic	amine	5.7.c,	was	found	to	be	a	colourless	liquid.  
X-Ray	 analysis	 of	 the	 tetrafluoro	 amine	 diastereoisomers	5.7.a	 and	5.7.b	 revealed	 that	 in	
compound	 5.7.b,	 the	 more	 sterically	 demanding	 methyl	 amine	 occupies	 an	 equatorial	
position	but	 in	 the	crystal	 structure	of	 compound	5.7.a,	 the	methyl	 amine	 sits	 in	 the	axial	
position	(Figure	5.1).	Although	this	is	the	case	in	solid	state	it	does	not	necessary	extend	to	
solution.	Indeed	it	could	be	seen	that	both	of	the	1H	and	19F	NMR	spectra	of	5.7.a	and	5.7.b	
































































NOESY	experiments	of	 isomers	7.5.a	 and	7.5.b	were	 conducted,	 separately	 irradiating	 the	
proton	signals	of	the	CH3	group,	the	CH2-N	and	H-4a/b	hydrogen	atoms	(Figures	5.2	and	5.3,	
for	full	NOESY	spectra	see	Supplementary,	section	7.33).	The	NOESY	spectra	for	compound	

















































































































































5.3.	 Incorporation	 of	 the	 all-cis-2,3,5,6-tetrafluorocyclohexylamine	
motifs	into	bis-systems.		
	
Since	 the	majority	 of	 tetrafluoro	 cyclohexane	motifs	 have	 been	 found	 to	 be	 crystalline,	 it	
was	 an	 attractive	 prospect	 to	 study	 the	 intermolecular	 interactions	 and	 supramolecular	
arrangements,	 which	 might	 be	 dictated	 by	 the	 electrostatic	 ordering	 of	 the	 cyclohexane	
rings.	X-ray	structure	analysis	should	reveal	modes	of	ring	stackings.	It	was	also	of	interest	to	
demonstrate	that	motif	5.7	 is	 reactive	enough	to	allow	 its	 introduction	 into	more	complex	
molecular	architectures,	and	then	explore	its	supramolecular	arrangements.	
Supramolecular	chemistry	can	be	define	as	‘’the	chemistry	of	the	noncovalent	bond’’	where	
noncovalent	 interactions	 account	 for	molecular	 stability	 in	 complexes	 across	 nanoscience,	
including	studies	in	biochemistry	and	materials.18,19	Crystal	packing	analysis	proved	to	be	an	
invaluable	 tool	 in	 the	 exploration	 of	 the	 forces	 acting	 within	 the	 solid	 state	 of	 metallic,	
covalent,	 ionic,	 and	molecular	 crystals.20	 In	 relation	 to	 this	 research	 the	main	 interest	will	




and	 electrostatic	 interactions,	 chemical	 forces	 contain	 hydrogen	 bonding	 interactions	 and	
charge	transfer	(CT)	interactions,	which	also	include	halogen	bonding.20		
Due	to	high	molecular	dipole	of	the	facially	polarized	tetrafluoro	cyclohexane	motifs,	it	is	of	
interest	 as	 to	 whether	 certain	 conformations	 arise	 due	 to	 the	 specific	 electrostatic	
interactions	 exhibited	 by	 these	 organofluorine	 motifs	 and	 can	 then	 dictate	 the	
supramolecular	arrangement.	
For	 this	 purpose	 the	 generation	 of	 bis-systems	 was	 envisaged,	 whereby	 terephthaloyl	
bridges	would	connect	two	tetrafluoro	cyclohexane	motifs.		
Consequently	 one	 objective	 of	 this	 project	was	 to	 explore	 the	molecular	 self-assembly	 of	
higher	 order	 fluorinated	 bis-amide	 systems	 in	 the	 solid	 state,	 using	 both	 tetrafluoro	
cyclohexane	 amine	 derivatives	 5.7.a	 and	 5.7.b	 as	 the	 amine	 components.	 A	 comparative	
ester,	 rather	 then	 an	 amide	was	 also	 prepared	 to	 compare	 systems	with	 and	without	 the	
amide	linker,	because	intermolecular	hydrogen	bonding	between	the	amides	may	dominate	
the	 packing.	 The	 general	 esterification	 procedure	 used	 to	 obtain	 these	 bis-systems	 was	
performed	with	 terephthaloyl	 chloride	 in	 presence	 of	 amines	5.7.a,	5.7.b	 or	 alcohol	3.9.a	
(2.1	eq.).			
	 111	
As	 a	 result,	 bis-systems	 5.9,	 5.10	 and	 the	 ester	 5.11	 were	 obtained	 in	 reasonable	 yields	
(79%,	48%,	and	88%)	(Scheme	5.5).21,22	A	similar	reaction	was	performed	with	1,4-phenylene	






















































































































The	bis-compounds	5.9-5.12	were	 all	 found	 to	be	 solids	 that	 possessed	 low	 solubility	 in	 a	
wide	 range	of	 solvents	and	a	 suitable	crystal	of	each	was	obtained	and	subjected	 to	X-ray	












The	 less	 sterically	 demanding	 methyl	 groups	 relative	 to	 the	 methylene	 moiety	 of	 the	
cyclohexane	moieties	all	occupy	axial	positions	 (Figure	5.6).	X-Ray	crystallography	revealed	





For	 compounds	 5.9	 and	 5.10	 with	 carboxamide	 linker,	 a	 significant	 contribution	 to	 the	
stacking	 structure	 appears	 to	 come	 from	 intermolecular	 hydrogen	 bonding	 between	 the	
amide	groups,	with	N-H---O=C	distances	of	2.04	Å,	2.45	Å	(Figure	5.6).		Carbamate	5.12,	also	































Even	 though	 intermolecular	 hydrogen	 bonding	 between	 N-H	 and	 O=C	 is	 observed	 within	
those	 systems	and	 found	 to	bring	neighboring	molecules	 together,	 this	 is	not	 the	defining	
aspect	 of	 the	 columnar	 packing	 pattern.	 A	 control	 comparison	was	made	with	 ester	5.11	
showing	 that	 even	 when	 there	 are	 no	 hydrogen	 bonds	 to	 link	 structures,	 the	 columnar	
stacking	 pattern	 was	 still	 observed.	 Electrostatic	 attractions	 between	 the	 cyclohexyl	 rings	











































































This	 study	 has	 demonstrated	 a	 method	 for	 the	 preparation	 of	 a	 new	 type	 of	 2,3,5,6-
tetrafluorocyclohexane	 amine	 motifs.	 Through	 a	 five-step	 synthesis,	 where	 diepoxidation	
furnished	 the	 three	 diastereoisomers	 5.3.a,	 5.3.b	 and	 5.3.c,	 the	 corresponding	
diastereoisomers	of	the	fluorinated	nitrile	derivatives	(5.7.a,	5.7.b	and	5.7.c)	were	obtained.	
Reduction	 of	 the	 2,3,5,6-tetrafluorocyclohexane	 nitrile	 derivatives	 furnished	 three	
tetrafluoro	 amine	 isomers,	which	 represent	novel	 building	blocks	with	 the	potential	 to	be	
widely	used	including	applications	 in	drug	discovery.	The	reactivity	of	these	building	blocks	
was	 demonstrated	 through	 a	 set	 of	 condensation	 reactions,	 whereby	 amine	 derivatives	
5.7.a,	5.7.b	along	with	the	alcohol	3.9.a	were	used	to	prepare	bis-compounds	5.9-5.12.		




the	 protic	 faces	 of	 the	 adjacent	 molecules.	 The	 supramolecular	 arrangements	 of	 these	
systems	 is	composed	of	a	 range	of	non-covalent	 interactions,	 including	hydrogen	bonding,	
repulsive	 and	 electrostatic	 forces.	 However,	 in	 comparison	 studies	 of	 bis-systems	 with	
carboximide	and	carbamate	bonds	(5.9,	5.10	and	5.12)	that	participate	in	hydrogen	bonding	





















































Through	 the	 course	 of	 these	 chapters,	 which	 describe	 the	 development	 of	 novel	 all-cis-

































































Chapter	 1	 explained	 how	 introduction	 of	 fluorine	 into	 a	 drug	 candidate	 could	 produce	
positive	 outcomes	 on	 metabolic	 stability,	 pharmacokinetic	 properties,	 conformation,	 pKa	
and	 lipophilicity.	 The	 following	 section	 will	 describe	 a	 few	 ideas	 where	 fluorinated	
cyclohexanes	may	be	applied.	






Compound	6.1,	 has	 been	 the	 lead	 compound	 in	 the	development	 of	 Falcipain-2	 inhibitors	
against	the	malarial	parasite	Plasmodium	falciparum	(Figure	6.2).4	The	cyclohexane	ring	is	a	
key	 structural	 aspect	 of	 this	 inhibition,	 hence	 installation	 of	 the	 fluorinated	 cyclohexane	
such	 as	 amino	 acid	 2.7	 (prepared	 in	 Chapter	 2),	 offers	 an	 interesting	 option	 for	 the	
development	of	new	Falcipain-2	inhibitors.	
	Another	example	where	introduction	of	the	all-cis-fluorinated	cyclohexane	moiety	could	be	
beneficial	 is	 in	 trisubstituted	benzimidazoles,	new	group	of	drugs	being	developed	against	
Tuberculosis	 (TBa).6	 One	 of	 the	 main	 structural	 features	 of	 the	 first	 generation	 lead	
compounds	 is	the	cyclohexyl	ring	(R1,	Figure	6.3),	which	was	found	to	play	a	critical	role	 in	
the	 antituberculosis	 activity.	 Optimization	 of	 the	 second	 generation	 demonstrated	 that	




















The	 scope	of	potential	 candidates	where	 the	novel	building	blocks	 can	be	 installed	 is	 very	
diverse,	however	some	preferences	and	limitations	should	be	considered.4-8	Firstly,	to	avoid	
the	 elimination	 of	 fluorine	 on	 the	 cyclohexane	 ring,	 synthetic	 steps	 towards	 target	
compound	should	exclude	the	use	of	strong	bases	and	installation	of	the	fluorinated	building	
block	 is	most	 preferable	 towards	 the	 end	 of	 the	 synthetic	 route.	 The	 bioactive	 candidate	
should	contain	structurally	similar	moiety	to	the	cyclohexane	ring.	Fluorinated	substituents	






is	 through	protein	 ‘pull	down	assays’.	 This	 technique	has	been	used	as	an	initial	 screen	 to	
identify	novel	protein-small	molecule	interactions.	With	a	range	of	novel	fluorinated	motifs,	
it	will	be	useful	to	know	what	interactions	can	be	formed	to	proteins.		
The	 three	main	 stages	 in	 this	 procedure,	 shown	 in	 Figure	 6.4,	 involve	 firstly	 labelling	 the	
fluorinated	 building	 block	 with	 a	 tag,	 such	 as	 biotin.	 Addition	 of	 the	 cell	 lysate	 from	 the	
organism	of	interest	allows	the	proteins	to	bind	fluorinated	moiety.	The	biotinated	fragment	






























Beside	 the	bioactivity	 studies,	 the	 increased	hydrophobicity	of	 these	novel	 building	blocks	
could	 also	 be	 beneficial.10,	 11	 The	 St	 Andrews	 group	 have	 recently	 shown	 a	 significant	
increase	in	hydrophilicity	with	increasing	fluorination	on	the	cyclohexyl	ring	system,	showing	
at	least	a	100	fold	decrease	in	log	P	than	their	non-fluorinated	cyclohexane	counterparts.	11	
These	 physiochemical	 features	 in	 addition	 to	 the	 unique	 facial	 polarity	 of	 tetrafluoro	























Stage 1: tag-fused 
bait motif immobilised 
to affinity resin
Stage 2: following the 
immersion into cell media, 
the interacting proteins 
will be bounded
Stage 3: the bounded 




















































Column	 chromatography	 was	 performed	 on	Merck	 Geduran	 silica	 gel	 60	 (250-400	 mesh)	





HPLC	 semi-preparations	 were	 performed	 using	 either	 or	 a	 Shimadzu	 Prominence	 system	
(SIL-20A	HT	autosampler,	CL-20AT	ternary	pump,	DGU-20A3R	solvent	degasser,	SPD	20A	UV	







All	 chemicals	 were	 purchased	 from	 Acros,	 Sigma	 Aldrich,	 Alfa	 Aesar,	 Fisher	 Scientific,	
Fluorochem,	TCI	UK,	Apollo,	or	Merck.	Anhydrous	solvents	(Et2O,	THF,	CH2Cl2,	Toluene)	were	
obtained	 from	 MBraun	 MB	 SPS-800	 solvent	 purification	 system	 by	 passage	 through	 two	
drying	columns	and	dispensed	under	an	argon	atmosphere.	Triethylamine	and	pyridine	were	






Avance	 300	 or	 500	 spectrometers.	 The	 deuterated	 solvent	 was	 used	 for	 an	 internal	




282,	376	or	470	MHz.	All	 chemical	 shifts,	δ,	 are	 stated	 in	units	of	parts	per	million	 (ppm),	
relative	 to	 a	 standard,	 for	 1H	 NMR	 and	 13C	 NMR	 the	 reference	 point	 is	 TMS	 δH	 and	 δC	
0.00	ppm.		For	19F	NMR	the	reference	point	is	CCl3F	δF	is	0.00	ppm.	1H	NMR	chemical	shifts	
were	 reported	 to	 two	 decimal	 places.	 All	 spectra	 are	 referenced	 to	 the	 residual	 solvent	
signal	of	the	deuterated	solvent.	Data	processing	was	carried	out	using	MestReNova	9.0.1.		
Chemical	 shifts	 are	 reported	 in	 parts	 per	 million	 (ppm)	 and	 coupling	 constants	 (J)	 are	
reported	 in	 Hertz	 (Hz).	 The	 abbreviations	 for	 the	 multiplicity	 of	 the	 proton,	 carbon	 and	
fluorine	 signals	 are	 as	 follows:	 s	 singlet,	 d	 doublet,	 doublet	 of	 doublets,	 ddd	 doublet	 of	
doublet	of	doublets,	dddd	doublet	of	doublet	of	doublet	of	doublets,	dt	doublet	of	triplets,	q	


























































was	 added	 to	 liquid	 ammonia	 (400	mL)	 at	 –78	 °C.	 Lithium	 (2.3	 g,	 110	mmol,	 eq	
2.2)	was	added	portionwise	to	the	reaction	over	10	min,	resulting	in	the	formation	
of	deep	blue-brown	colour.	The	reaction	was	warmed	to	–25	°C	and	stirred	for	30		




diethyl	 ether	 (200	mL).	 The	 combined	 organic	 layers	were	 dried	 over	magnesium	 sulfate,	











with	 DCM	 (3	 x	 250	 mL).	 The	 combined	 organic	 layers	 were	 dried	 over	
sodium	 sulfate,	 filtered	 and	 concentrated	 to	 give	 a	 colourless	 crystalline	 solid.	 This	 was	
purified	 by	 silica	 gel	 column	 chromatography	 (eluent:	 EtOAc/hexane	 =	 1/4)	 to	 yield	 pure	
























were	 dried	 over	 sodium	 sulfate,	 filtered	 and	 concentrated	 under	 reduced	 pressure.	 The	
mixture	of	difluorohydrins	1.117	and	1.118	was	dissolved	 in	dried	DCM	(150	mL)	under	an	









100	 °C	under	 argon	atmosphere	 for	 60	h,	 the	mixture	was	 cooled	 to	RT	
and	 was	 poured	 into	 sat.	 aq.	 sodium	 bicarbonate	 (600	 mL)	 at	 0	 °C.	 The	 mixture	 was	
extracted	 with	 DCM	 (4	 x	 200	 mL).	 The	 combined	 organic	 layers	 were	 dried	 over	 sodium	
sulfate,	filtered	and	concentrated	under	reduced	pressure.	The	trifluoro-phenylcyclohexene	































at	 room	 temperature.	 After	 10	 min	 the	 mixture	 was	 extracted	
with	 ice	 water.	 The	 organic	 layer	 was	 separated	 and	 dried	 over	MgSO4.	 The	 solvent	 was	
removed	 under	 vacuum	 at	 room	 temperature.	 Recrystallization	 or	 precipitation	 from	
DCM/n-hexane	 gave	 Fmoc	 Glycine	 fluoride	 (0.44	 mg,	 0.15	 mmol,	 75%);	 M.p	 of	 obtained	






N-Bromosuccinimide	 (2.05	g,	 113.79	mmol)	was	added	 to	a	 solution	of	
1.122	(2.20	g,	94.82	mmol)	in	CCl4	(20	ml)	and	the	mixture	was	refluxed	




































Benzyl	 bromide	 2.1	 (300	 mg,	 0.97	mmol)	 has	 been	 dissolved	 in	 DMF	
(10	mL)	with	sodium	azide	(100	mg,	1.54	mmol).	The	reaction	mixture	was	
stirred	for	18	h	at	90	°C	until	TLC	analyses	revealed	the	consumption	of	the	
starting	 material.	 The	 mixture	 was	 poured	 into	 water	 (50	mL),	 extracted	
with	diethyl	ether	(2	×	100	mL),	washed	with	brine	(3	×	150	mL),	dried	over	














the	 reaction	mixture	 was	 quenched	with	 a	mixture	 of	 water	 (50	mL)	 and	
CuSO4	 (2	mL)	 and	extracted	with	diethyl	 ether	 (50	mL	 x	 3).	 The	 combined	
organic	 phases	 were	 dried	 over	 Na2SO4,	 filtered	 and	 concentrated	 under	
reduced	 pressure.	 The	 product	 was	 purified	 by	 means	 of	 column	 chromatography	
(petroleum	 ether/DCM	 7:3)	 to	 offer	 2.12	 (50	 mg,	 0.132	 mmol,	 54%)	 as	 white	 crystalline	
solid;	M.P:	123	°C;	1H	NMR	(500	MHz,	CDCl3)	δ	7.77-7.70	(2H,	m,	Ar),	7.68-7.56	(3H,	m,	Ar),	
5.66	(2H,	dd,	J	=	48.0,	6.9,	H-2),	5.39	(1H,	dd,	J	=	47.8,	6.5,	H-6),	5.25-5.04	(1H,	m,	H-3,	5),	




























1.29	mmol)	 in	MeCN	 (200	ml).	 The	 reaction	mixture	was	 stirred	 for	
10-40	h	at	90	°C	until	TLC	analyses	 indicated	the	consumption	of	the	
starting	 material.	 After	 cooling	 to	 r.t.,	 the	 mixture	 was	 poured	 into	
water	(200	mL),	extracted	with	EtOAc	(3	×	200	mL),	dried	over	Na2SO4	





MHz,	 CD3)2CO):	 δ	 169.5	 (C=O),	 139.3	 (Ar),	 128.2	 (Ar),	 127.6	 (Ar),	 126.9	 (Ar),	 88.2	 (dm,	 	J	
=		205.7	Hz,	C-2,	6),	86.1	 (dm,	 J	=	180.5	Hz,	C-3,	5),	60.7	 (C-1)	 ,	26.8	 (t,	 J	=	22.3,	C-4),	22.9	



































the	 solution	 was	 concentrated	 under	 reduced	 pressure.	 19F	 NMR	 of	
crude	reaction	mixture	showed	the	ratio	of	2.14.a	to	2.15	was	3:2.	The	
aqueous	mixture	was	 loaded	onto	a	 reverse	phase	cartridge	 (1000	mg	
Extract	 Clean	 C18-HC,	 preconditioned	 with	 water),	 washed	 with	 water	 (10	 mL),	 and	 the	
product	eluted	with	water:	MeCN	(50:50)	(3	×	10	mL).	The	eluted	fractions	were	combined	
and	 concentrated.	 The	 residue	 was	 dissolved	 in	 MeCN:	 water	 (40:60)	 and	 purified	 by	
semipreparitive	HPLC	on	the	Shimadzu	system	(Phenomenex	Luna	C18	
(250	 ×	 10.00	mm,	 5µ);	mobile	 Phase:	 A	 (H2O	 +	 5%	MeCN),	 B	 (MeCN);	
isocratic	conditions:	50%	B,	flow	rate:	10	mL.	min-1;	detection	215	nm.	
Fractions	containing	products	2.14.a	(tR	=	21.5	min)	and	2.15	(tR	=	23.5	





H-4a),	2.33-2.04	 (1H,	m,	H-4b);	 13C	NMR	(126	MHz,	MeOD):	δ	143.4(Ar)	 ,	127.8	 (Ar),	126.7	
(Ar)	,	126.4	(Ar),	93.7	(dd,	J	=	182.2,	15.8,	C-6),	90.7	(dd,	J	=	172.7,	16.7,	H-3),	87.8-85.2	(m,	

































RuCl3	 (5	 mg,	 0.026	 mmol,	 0.05	 eq.)	 was	 added	 to	 a	 solution	 of	
acetomide	2.13	(150	mg,	0.52	mmol)	and	periodic	acid	H5IO6	(1	g,	4.4	
mmol)	in	14	mL	of	AcCN/CC14/H2O	(2:2:3)	solvent	system,	followed	by	
reflux	 for	 18	 h.	 After	 the	 reaction	 mixture	 was	 cooled	 down,	 the	
solvent	 mixture	 was	 concentrated	 and	 the	 crude	 product	 was	 redissolved	 in	 EtOAc	 and	
washed	 with	 H2O	 and	 the	 aqueous	 layer	 was	 then	 extracted	 with	 EtOAc	 (200	 mL	 x	 2).	
Collected	 organic	 layers	were	 dried	 over	NaSO4,	 filtered	 and	 concentrated	 under	 reduced	
pressure.	The	crude	mixture	has	been	dissolved	in	minimum	amount	of	H2O/MeCN	solvent	
mixture	and	then	was	loaded	onto	a	reverse	phase	cartridge	(1000	mg	Extract	Clean	C18-HC,	





(CH3);	 19F	NMR	 (376	MHz,	 (CD3)2CO):	δ	 -199.2	 (AA’),	 -211.7	 (BB’);	 IR:	 νmax/cm-1	 3273	 (N-H),	
2987	 (C-H),	 1662	 (C=O),	 1374	 (C-H);	 FTMS	 (ESI-)	m/z	 calcd	 for	 ([M]-H+)	 256.0596;	 found	
256.0601	(Δ	1.9	ppm);	
(2R,3S,5R,6S)-1-amino-2,3,5,6-tetrafluorocyclohexanecarboxylic	acid(2.22)		
Compound	2.21	 (70	mg,	 0.27	mmol)	 has	 been	 heated	 in	 aqueous	HCl	
(10	mL	 of	 6	M	 solution)	 at	 120	 °C	 for	 18	 h.	 The	 reaction	 was	 cooled	
down	to	r.t	and	the	solution	was	concentrated	under	reduced	pressure.	





4a),	 2.41-	 2.22	 (1H,	m,	 H-4b);	 13C	 NMR	 (126	MHz,	MeOD):	δ	 171.7	 (COOH),	 88.3	 (dd,	 J	 =	
191.8,	 17.5),	 85.4	 (dt,	 J	 =	 182.0,	 15.1),	 28.8	 (C-1),	 27.4	 (t,	 J	 =	 22.1);	 19F	 NMR	 (282	MHz,	




























and	 the	 solution	 was	 stirred	 for	 5	 min	 at	 0	 °C.	 L-Glutamic	 acid	
dibenzyl	 ester	hydrochloride	 (100	mg,	 0.2	mmol)	was	 the	 added	
and	 the	 solution	was	 stirred	 at	 room	 temperature	 for	 16	 h.	 The	
reaction	was	diluted	by	sat	ammonium	chloride	solution	(10	mL),	
stirred	for	1	h	and	then	extracted	 into	ethyl	acetate	(2	×	30	mL).	
















































Argon	 atmosphere	 and	 in	 light	 free	 conditions.	 Then	 the	 reaction	 mixture	
was	 cooled	 to	 r.t	 and	 filtered	 through	 short	pad	of	 celite	 and	washed	with	
Et2O	 and	 concentrated	 under	 reduced	 pressure.	 Purification	 by	 column	 chromatography	
using	 silica	 gel	 (petrol	 ether/Et2O	 6:4)	 gave	 compound	 2.26	 (529	mg,	 21.16	mmol,	 82%):	
M.p.=	121	°C;	1H	NMR	(400	MHz,	CDCl3):	δ	7.71-7.67	(2H,	m,	Ar),	7.61-7.39	(3H,	m,	Ar),	5.30-
4.79	 (4H,	m,	H-2,	 3,	 5,	 6),	 2.89-2.66	 (1H,	m,	H-4a),	 2.65-2.41	 (1H,	m,	H-4b);	 13C	NMR	 (126	
MHz,	CDCl3):	δ	135.3	(	J	=	18.3,	Ar),	129.8	(Ar)	,	128.7	(Ar)	,	125.7	(dt,	J	=	8.9,	4.1),	91.2	(d,	J	=	
187.8	Hz,	C-1),	87.7	(dm,	J	=	193.9,	C-3,	5),	85.3	(dm,	J	=	185.9,	C-2,-6),	26.3	(t,	J	=	22.0,	C-4);	








was	 concentrated	and	 the	 crude	product	was	 re	dissolved	 in	 EtOAc	and	washed	with	H2O	
and	the	aqueous	layer	was	then	extracted	with	EtOAc	(200	mL	x	2).	Collected	organic	layers	


































To	 a	 solution	 of	 the	pentafluorocyclohexane-1-carboxylic	 acid	 (2.27)	(60	
mg,	 0.28	 mmol)	 (246	 mg,	 1.5	 mmol)	 in	THF	 (3	 mL)	 at	 0	 °C	 was	 added	
dropwise	BH3.THF	 (1M	 in	THF,	 1	 mL,	 1	 mmol)	 dropwise.	 The	 reaction	
mixture	was	stirred	at	50	°C	for	18	h,	after	which	it	was	quenched	with	sat.	aq.	NaHCO3		and	
extracted	with	EtOAc	(2	 x	30	mL).	 The	 combined	organics	were	washed	with	brine	 (2	 x	10	
mL),	 dried	 (Na2SO4),	 and	 concentrated.	 The	 resulting	 material	 was	 purified	 by	 silica	 gel	
column	 chromatography	 (EtOAc/petrol	 ether	 1:1)	 to	 provide	 the	 product	 2.28	 as	 white	
crystalline	 solid,	which	was	 found	 to	 sublime	under	 reduced	pressure	 (31	mg,	 0.15	mmol,	
55%):	M.p.=	80	°C;	1H	NMR	(400	MHz,	CDCl3:	δ	4.99	(2H,	d,	J	=	46.7,	H-2,	6),	4.89-	4.67	(2H,	
m,	H-3,	5),	4.16	(2H,	ddt,	J	=	26.3,	6.4,	3.1,	CH2-OH),	2.74-2.57	(1H,	m,	H-4a),	2.52-2.41	(1H,	
m,	H-4b);	 13C	NMR	(126	MHz,	CDCl3):	δ	110.0	 (d,	J=213.5,	C-1),	86.7-	82.9	 (m,	C-2,	3,	5,	6),	
61.9	 (d,	 J	 =	 18.3,	 CH2OH),	 26.7	 (t,	 J	 =	 22.0,	 C-4);	 19F	 NMR	 (376	 MHz,	 CDCl3):	 δ	 -184.12	
(s(br),	 	F-1)	 ,	 -199.8	 (d,	 J	=	44.0,	 F-2,	6	 ),	 -215.7	 (s	 (br),	 F-3,5);	 IR:	 νmax/cm-1	3290.56	 (O-H),	





at	 0	 C	was	 added	Et3N	(0.032	mL,	 0.23	mmol)	 followed	by	MeSO2Cl	(0.012	
mL,	0.14	mmol).	The	 reaction	mixture	was	stirred	at	0	 °C	 for	30	min,	 then	
was	 allowed	 to	 warm	 to	 RT	 and	 left	 stirring	 over	 18	 h.	 The	 mixture	 was	
quenched	with	H2O	(5	mL)	and	extracted	with	DCM	(2	x	10	mL).	The	combined	organics	were	
washed	 with	 H2O	 (10	mL),	 brine	 (10	mL),	 dried	 (Na2SO4)	 and	 concentrated.	 The	 resulting	
material	was	purified	by	silica	gel	column	chromatography	(petroleum	ether/	EtOAc	7:3)	to	































EDCI	 hydrochloride	 (1.3	 eq)	 and	 N-Methylmorpholine	 (NMM)	 (4	 eq.)	 were	 added	 to	 a	
solution	of	carboxylic	acid	2.27	(1	eq.)	and	HOBt	(1.3	eq.)	 in	dry	DMF	and	the	solution	was	
stirred	 for	 5	 min	 at	 0	 °C.	 	 An	 appropriate	 benzylamine	 (1.3	 eq.)	 was	 the	 added	 and	 the	
solution	 was	 stirred	 at	 room	 temperature	 for	 16	 h.	 The	 reaction	 was	 diluted	 by	 sat	
ammonium	chloride,	stirred	for	1	h	and	then	extracted	into	ethyl	acetate.	The	organic	layer	
was	 washed	 with	 10	 %	 NaHCO3	 and	 brine,	 dried	 and	 then	 the	 organic	 solvent	 was	




Following	 the	 general	 procedure	 above	with	2.27	 (100	mg,	 0.46	mmol),	
HOBt	(81	mg,	0.6	mmol),	NMM	(185	mg,	1.83	mmol),	EDCI	hydrochloride	









213.6)	 (m,	 F-3,5);	 IR:	 νmax/cm-1	 3462.22	 (N-H),	 2956.87	 (C-H),	 2306.87,	 1697.55	 (C=O),	




























mmol),	 EDCI	 hydrochloride	 (35	 mg,	 0.18	 mmol)	 and	 1,4-
Phenylenedimethanamine	 (b)	 (25	 mg,	 0.18	 mmol),	 after	
purification	 using	 column	 chromatography	 (petroleum	
ether/	EtOAc	6:4)	gave	compound	2.35	(52	mg,	0.097	mmol,	
70%)	 as	 white	 solid:	 M.p.=	 178	 °C;	 1H	 NMR	 (700	 MHz,	
(CD3)2CO):	δ	8.14	(2H,	s(br),	NH),	7.31	(4H,	s,	Ar),	5.45	(4H,	
d,	J	=	44.1	Hz,	H-3,	5),	5.28-4.94	(4H,	m,	H-2,	6),	4.55	(4H,	d,	J	=	6.0,	CH2Ar),	2.59-2.51	(1H,	m,	







Following	 the	 general	 procedure	 above	with	2.27	 (10	mg,	 0.046	mmol),	HOBt	 (8	mg,	 0.06	
mmol),	NNM	(19	mg,	0.183	mmol),	EDCI	hydrochloride	(11	mg,	0.06	mmol)	
and	 4-Fluorobenzylamine	 (c)	 (10	 mg,	 0.07	 mmol),	 after	 purification	 using	
column	chromatography	(petroleum	ether/	EtOAc	7:3)	gave	compound	2.36	
(9	mg,	 0.026	mmol,	 57%)	 as	white	 solid:	 	M.p.=	181-182	 °C;	 1H	NMR	 (400	
MHz,	CDCl3):	δ	7.30-7.28	(2H,	m,	Ar)	7.07	(2H,	dd,	J	=	17.8,	8.6,	Ar),	6.72	(1H,	
s,	NH),	5.12	(2	H,	d,	J	=	47.2,	H-3,	5),	4.98-4.71	(2H,	m,	H-2,	6),	4.57	(2H,	d,	J	












































Following	 the	 general	 procedure	 above	 with	 2.27	 (100	 mg,	 0.46	 mmol),	
HOBt	 (81	mg,	 0.6	mmol),	 NMM	 (185	mg,	 1.83	mmol),	 EDCI	 hydrochloride	
(114	 mg,	 0.6	 mmol)	 and	 4-Nitrobenzylamine	 hydrochloride	 (112	 mg,	 06	






(C-1)	 ,	88.1-82.1	 (m,	C-2,	3,	5,	6),	43.2	 (CH2-Ar)	 ,	26.3	 (t,	J	=	22.6,	C-4);	 19F	NMR	(376	MHz,	










dried	 (MgSO4)	 and	 concentrated	under	 reduced	 pressure	 to	 provide	 the	
product	 as	 yellow	 solid	 2.38	 (11	 mg,	 0.037	 mmol,	 65%):	 M.p.=	
decomposed	at	250	°C;	1H	(400	MHz,	MeOD):	δ	7.09	(2H,	d,	J	=	8.2,	Ar),	6.72	(2H,	d,	J	=	8.1,	








































colour	 persisted.	 After	 2	 h	 stirring	 at	 the	 -78	 °C,	 iodomethane	 (56.1	 g,	 400	

















under	 reduced	 pressure	 to	 offer	 light	 yellow	 oil	 (4.97	 g,	 40.09	mmol,	 83%);	 1H	NMR	 (500	




























g,	 24.19	mmol)	 in	 THF	 (10	mL)	 at	 rt.	 The	mixture	was	 stirred	 for	 1	 h	 at	
room	 temperature,	 then	 benzyl	 bromide	 (4.138	 g,	 24.19	 mmol)	 was	
added.	After	overnight	stirring,	the	mixture	was	quenched	with	sat.	NH4Cl	
(50	mL)	and	extracted	with	DCM	(50	mL	x	3).	The	combined	extracts	were	













































were	 washed	 with	 water	 (200	 mL),	 dried	 over	 Na2SO4,	 filtered	 and	 concentrated	 under	
reduced	pressure	to	give	a	colourless	crystalline	solid,	containing	three	diastereoisomers	of	
diepoxide	(3.5.a,	3.5.b	and	3.5.c)	as	indicated	by	1H	NMR	spectrum	in	a	ratio	of	6:	4:	1.	The	

























































g,	4.76	mmol)	as	yellow	oil;	3.6.a	 (major):	 1H	NMR	(500	MHz,	CDCl3):	δ	7.41-7.31	 (10H,	m,	
Ar),	4.98	(2H,	m,	H-3,	5),	4.50	(2H,	s,	O-CH2),	3.57	(2H,	s,	Ph-CH2,),	3.50	(2H,	dd,	J	=	15.2,	9.1	
Hz,	H-2,	6),	2.59	(1H,	m,	H-4a),	1.73	(1H,	m,	2.54,	H-4b),	1.22	(3H,	s,	CH3);	19F	NMR	observe	








































Trifluoromethanesulfonic	 anhydride	 (4.03	 g,	 14.27	 mmol)	 was	 slowly	
added	to	a	mixture	of	3.6.a	and	3.6.b	 (1.731	g,	6.03	mmol)	 in	pyridine	
(15	mL,	186	mmol)	at	0°C.	After	18	h	stirring	at	rt,	the	reaction	mixture	
was	quenched	with	a	mixture	of	water	 (50	mL)	 and	CuSO4	 (2	mL)	 and	
extracted	 with	 diethyl	 ether	 (50	 mL	 x	 3).	 The	 combined	 organic	 phases	 were	 dried	 over	





O-CH	2),	 2.88-2.66	 (1H,	m,	H-4a),	 1.96-1.75	 (1H,	m,	H-4b),	 1.58	 (3H,	 s,	 CH3);	 13C	NMR	 (126	
MHz,	CDCl3):	δ	136.1	(Ar)	128.8	(Ar),	128.5	(Ar),	127.8	(Ar),	118.4	(q,	J	=	319.6	Hz,	CF3),	89.6	
(d,	J	=	18.5	Hz,	C-2,	6),	85.4	(dd,	J	=	181.1,	14.6	Hz,	C-3,	5),	73.9	(O-CH2),	67.4	(Ph-CH2),	31.5	




1H	NMR	 (400	MHz,	CDCl3):	 δ	 7.52-7.30	 (5H,	m,	Ar),	 5.26	 (2H,	dd,	 J	 =	 11.4,	 9.6	Hz,	H-2,	 6),	



































A	mixture	of	 the	 triflate	3.7.a	 (0.7012	 g,	 1.2	mmol)	 and	 Et3N.3HF	 (2.68	 g,	 16	mmol)	were	
placed	 in	 Teflon	 round	 bottom	 flask	 equipped	with	 condenser.	 After	 48	 h	
stirring	at	at	110°C,	 the	mixture	was	cooled	 to	 rt,	poured	 into	NaHCO3	(30	
mL)	 and	 extracted	 with	 dichloromechane	 (20	 mL	 x	 3).	 Combined	 organic	
layers	 were	 dried	 over	 MgSO4,	 filtered	 and	 concentrated	 under	 reduced	
pressure,	to	give	0.45	g	of	brown	solid.	The	product	was	purified	by	column	chromatography	
(Petroleum	 ether/	 DCM	 75:25)	 to	 give	 (3.8.a)	 (0.169	 g,	 0.58	 mmol,	 34.8	 %)	 as	 a	 white	
crystalline	solid;	M.p.=	78	°C;	1H	NMR	(400	MHz,	CDCl3):	δ	7.46-7.30	(5H,	m,	H-2’,	3’,	4’),	5.07	
(2H,	m,	H-3),	 4.75-4.62	 (2H,	dd,	 J=45.1,	 17.0	Hz,	H-2),	 4.52	 (2H,	 s,	O-CH2),	 3.38	 (2H,	 s,	 Ph-
CH2O),	 2.71-2.50	 (2H,	m,	H-4a),	 2.12-1.90	 (2H,	m,	H	 -4b),	 1.59	 (3H,	 s,	 CH3);	 13C	NMR	 (101	
MHz,	CDCl3):	δ	137.2	(C-1’),	128.6	(C-2’),	128.1	(C-4’),	127.7	(C-3’)	89.7	(d,	J	=	198.4	Hz,	C-3),	
87.0	(d,	J	=	180.2	Hz,	C-2),	73.6	(CH2),	71.6	(CH2),	44.1	(C-1),	27.8	(C-4),	13.9	(CH3);	19F	NMR	










2.76-2.58	 (1H,	m,	 	H-4b),	 2.41	 (1H,	dt,	 J	 =	 11.0,	 5.3	Hz,	H-4b),	 1.58	 (3H,	 s,	
CH3);	13C	NR	(126	MHz,	CDCl3):	δ	138.2	(C-1’),	128.4	(C-2’),	127.7	(C-4’),	127.6	(C-3’),	89.9	(d,	J	
=	193.7	Hz,	C-2),	85.8	(d,	J	=	185.8	Hz,	C-3),	73.6	(Ph-CH2),	70.8	(O-CH2),	52.8	(C-1),	27.7	(t,	J	=	
22.1	Hz,	CH2),	16.8	 	 (CH3);	 19F	observe	with	1H	decoupling	NMR	(471	MHz,	CDCl3):	δ	 -195.2		
























	10%	of	Pd/C	 (0.02	g)	was	 added	 to	 a	 solution	of	benzylated	alcohol	3.8.a	
(0.1696	 g,	 0.58	mmol)	 in	 ethyl	 acetate	 (5	mL).	 The	mixture	was	 degased,	
flushed	three	times	with	H2	and	 left	stirring	under	H2	atmosphere	at	room	
temperature	 until	 completion	 (TLC	monitoring).	 The	 reaction	mixture	was	
passed	 through	 a	 pad	 of	 celite.	 The	 filtrate	 was	 concentrated	 and	 purified	 using	 column	
chromatography	(petrol	ether/diethyl	ether	75:25)	resulting	 in	3.9.a	 (0.064	g,	0.319	mmol,	
55%	yield)	as	a	white	crystalline	solid;	M.p.=	68	 °C;	 1H	NMR	(500	MHz,	CDCl3):	δ	5.06	 (2H,	

















































combined	 organic	 layers	 were	 dried	 over	 MgSO4,	 filtered,	 concentrated	
under	 reduced	 pressure.	 Crude	 product	 was	 subjected	 to	 column	 chromatography	
(petroleum	 ether/diethyl	 ether	 6:4)	 to	 give	 3.10.a	 (0.1195	 g,	 0.604	mmol,	 90%)	 as	 white	


















































8.065	mmol),	 imidazole	 (1.64	 g,	 24.2	mmol)	 and	 Iodine	 (4	 g,	 16	mmol)	 in	
THF	(20	mL).		The	reaction	mixture	and	was	left	to	stir	at	rt	over	night.	Et.Ac.	
(50	 mL)	 was	 added	 to	 the	 reaction	 mixture	 and	 washed	 with	 aqueous	
Na2S2O3.	 Organic	 layers	 were	 combined,	 dried	 over	 MgSO4	and	 concentrated.	 	 The	 crude	








































































Diene	 3.17,	 has	 been	 synthesized	 according	 to	 the	 literature	 procedure	
described	by	 Linker	et.	al.9	 as	well	as	 similar	 to	 the	procedure	described	 in	
synthesis	of	3.2.7,10	Benzoic	acid	3.1	(12.2	g,	100	mmol),	Lithium	(1.6	g,	230	
mmol),	 ispopropyl	 iodide	 (68	 g,	 400	mmol),	 NH3	 (400	mL)	 to	 furnish	 3.17		
(12.49	g,	76	mmol,	76%);	1H	NMR	(500	MHz,	CDCl3):	δ	5.98	(2H,	dt,	J	=	10.4,	3.3	Hz,	H	-2,	6),	
5.76	(2H,	dt,	J	=	10.6,	2.1	Hz,	2H,	H-3,	5),	2.74-2.55	(2H,	m,	H-4),	2.20-2.10	(1H,	m,	CH(CH3)2,	




























mmol),	 compound	 3.18	 (5.55	 g,	 36	 mmol),	 NaH	 (60%)	 (1.72	 g,	 43	 mmol)	
furnished	benzylated	alcohol	3.19	(6.92	g,	28.6	mmol,	80%)	as	colourless	oil;	1H	
NMR	(400	MHz,	CDCl3):	δ	7.41-7.25	(5H,	m,	Ar),	5.97-5.83	(2H,	m,	H-3,	5),	5.57	
(2H,	dt,	 J	 =	10.5,	2.0	Hz,	H-2,	6),	4.54	 (2H,	 s,	O-CH2-Ar),	3.37	 (2H,	 s,	CH2-OBn),	






Following	 the	procedure	described	 in	 synthesis	of	3.5.	 	mCPBA	 (21	g,	
86	 mmol),	 compound	 3.19	 (	 6.9	 g,	 28.6	 mmol),	 THF	 (	 100	 mL)	
furnished	diepoxide	3.20	(6.98	g,	25.5	mmol,	89%)	as	crystalline	solid;	
M.p.=	144-145°C;	1H	NMR	(400	MHz,	CDCl3):	δ	7.43-7.25	(5H,	m,	Ar),	





































solution	was	allowed	 to	 stir	 at	 35	 °C	 for	 24	hours.	 The	 solvent	was	evaporated,	 saturated	
NH4Cl	(10	mL)	was	added	and	the	organic	layer	was	extracted	into	ethyl	acetate	(3	x	10	mL).	
The	 combined	 organic	 layers	were	 dried	 over	MgSO4,	 filtered,	 concentrated	 in	 vacuo	 and	
purified	by	flash	chromatography	on	silica	gel	and	by	HPLC.	
General	procedure	B	for	synthesis	of	compounds	3.30,	3.39:7	
1.2	 equiv.	 of	 an	 appropriate	 amine	 (A1-2)	 was	 added	 successfully	 to	 a	 solution	 of	 the	
aldehyde	(1	equiv.)	in	DCM	and	0.1	equiv.	of	MgSO4.	On	the	completion	of	the	condensation	
(TLC	 and	 1H	 NMR),	 the	 primary	 solvent	 was	 evaporated	 using	 rotor	 evaporator	 and	 re-
dissolved	 in	 methanol.	 A	 solution	 of	 an	 appropriate	 isocyanide	 (B1-2)	 (1.2	 equiv.)	 in	
methanol,	 and	 a	 solution	 of	 carboxylic	 acid	 (C1-3)	 (1.2	 equiv.)	 in	methanol	 (1	M	 solution)	






















Following	 general	 procedure	 A	 using	 tetrafluoro	 aldehyde	
3.10.a	 (15	 mg,	 0.076	 mmol)	 with	 an	 appropriate	
components	 (allylamine,	 tert-butyl	 isocyanide	 and	 acetic	































































Following	 general	 procedure	 A	 using	 0.075	 mmol.	 of	
tetrafluoro	 aldehyde	 3.10.a	 with	 an	 appropriate	
components	 (allylamine,	 benzyl	 isocyanide	 and	 benzoic	
acid).	The	crude	product	was	purified	by	means	of	column	
chromatography	 (petroleum	 ether/	 EtOAc	 8:2)	 to	 offer	







(C-7),	 48.4	 (C-6),	 43.7	 (C-16),	 29.0	 (C-3),	 12.9	 (C-12);	 19F	 observe	with	 1H	 decoupling	NMR	
(376	MHz,	(CD3)2CO):	δ	-193.4	(s	br	,	F-2,	4)	,	-195.9	(s	br	,	F-1,	5);	IR:	νmax/cm-1	3323	(N-H),	
1726	 (C=O),	1687	 (C=O),	1244	 	 (C-N),	1020,	970	 (C-F);	 FTMS	 (ESI+)	m/z	 calcd	 for	 ([M]+Na+)	
499.1984;	 found	 499.1972	 (Δ	 2.9	 ppm);	 followed	 by	 (R)-2-(benzylamino)-2-oxo-1-
((1s,2R,3S,5R,6S)-2,3,5,6-tetrafluoro-1	methylcyclohexyl)ethyl	benzoate	 (3.25):	white	solid	
(6	mg,	0.015	mmol,	20%);	M.p.=	145-146	°C;	1H	NMR	(400	MHz,	CDCl3):	δ	7.41-7.20	(10H,	m,	
H-(22-31),	 6.57	 (1H,	 s,	 NH),	 5.53	 (1H,	 s,	 H-7),	 5.20-	 4.69	
(4H,	m,	H-1,	2,	4,	5),	4.56	(1H,	dd,	J=15.0,	6.2	Hz,	H-16a),	
4.46	 (1H,	 d,	 J=14.9,	 5.7	Hz,	 H-16b),	 2.81-2.61	 (1H,	m,	H-
3a),	2.21-	1.95	(1H,	m,	H-3b),	1.51	(3H,	s,	H-12);	13C	NMR	
(101	MHz,	CDCl3):	 δ	167.2	 (C-14),	 164.8	 (C-18),	 137.2	 (C-
















































































aldehyde	 3.10.a	 with	 an	 appropriate	 components	 (allylamine,		
tert-butyl	 isocyanide	 and	 acetic	 acid).	 The	 crude	 product	 was	
purified	 by	 means	 of	 column	 chromatography	 (petroleum	
ether/	EtOAc	8:2)	to	furnish	3.26	 (14	mg,	0.041	mmol,	82%)	as	
yellow	 solid;	M.p.	 =	 169	 °C;	 1H	NMR	 (400	MHz,	 CDCl3):	δ	 5.86	
(1H,	s,	NH),	5.21-4.62	(5H,	m,	H-1,	2,	4,	5,	7),	2.74	-	2.53	(1H,	m,	
H-3a),	2.24	 (3H,	s,	H-21),	2.23-2.09	 (1H,	m,	H-3b),	1.41	 (3H,	s,	H-12),	1.39	 (9H,	s,	H-24,	25,	
26);	 13C	NMR	(101	MHz,	CDCl3):	δ	168.8	 (C-20),	165.8	 (C-14),	89.1	 (d,	 J	=	190.0	Hz,	C-1,	5),	
85.9	(d,	J=187.1	Hz,	C-2,	4),	73.1	(C-7),	52.0	(C-16),	45.6	(C-6),	29.7	(C-3),	28.6	(C-24,	25,	26),	
22.7,	 20.8	 (C-21),	 12.9	 (C-12);	 19F	 observe	with	 1H	 decoupling	 NMR	 (376	MHz,	 CDCl3):	 δ	 -
194.0	(s	br	,	F-2,	4)	,	-194.4	(dd,	J	=	13.7,	6.9	Hz,	F-1,	5);	IR	:	ν	max/cm-1		3388	(N-H),	2919	(C-






aldehyde	 3.10.a	 with	 an	 appropriate	 components	 (allylamine,	
tert-butyl	 isocyanide	and	benzoic	acid).	The	crude	product	was	
purified	 by	 means	 of	 column	 chromatography	 (petroleum	
ether/	 EtOAc	 7:3)	 to	 offer	 3.27	 (16	 mg,	 0.04	 mmol,	 79%)	 as	
white	solid;	M.p.=	178°C;	1H	NMR	(400	MHz,	CDCl3):	δ	8.22-7.48	
(5H,	m,	H-(24-	28)),	6.02	(1H,	s,	NH),	5.29	(1H,	s,	H-7),	5.26-	4.70	(4H,	m,	H-1,	2,	4,	5),	2.68	











































































Following	 general	 procedure	 A	 using	 0.05	 mmol.	 of	
tetrafluoro	 aldehyde	 3.10.a	 with	 an	 appropriate	












-195.9	 (s	 br);	 IR:	 ν	max/cm-1	 	3307	 (N-H),	 3067,	 2990	 (C-H),	 1690	 (C=O),	 1587	 (C-C);	 FTMS	
(ESI+)	 m/z	 calcd	 for	 ([M]+Na)	 461.1828;	 found	 461.1809	 (Δ	 4.1	 ppm);	 followed	 (S)-2-
(benzylamino)-2-oxo-1-((1s,2R,3S,5R,6S)-2,3,5,6-tetrafluoro-1-methylcyclohexyl)ethyl	 but-
2-ynoate	 (3.29)	 (6	mg,	0.015	mmol,	30%)	as	white	solid;	M.p.	=	147	°C;	1H	NMR	(400	MHz,	
CDCl3):	 δ	 7.44-	 7.28	 (5H,	m,	 H-	 22-26),	 6.51	 (1H,	 s,	 NH),	
5.27	(1H,	s,	H-7),	5.16	-4.62	(4H,	m,	H-1,	2,	4,	5),	4.51	(2H,	
dd,	 J	=	30.1,	 5.8	Hz,	H-16),	 2.66	 (1H,	m,	H-3a),	 2.00-2.09	
(1H,	m,	H-3b),	1.59	(3H,	s,	H-28),	1.43	(3H,	t,	J	=	1.6	Hz,	H-

















































































	Following	 general	 procedure	 A	 using	 0.05	 mmol.	 of	
tetrafluoro	aldehyde	3.10.a	with	an	appropriate	components	
(p-anisidine,	 benzyl	 isocyanide	 and	 actic	 acid).	 The	 crude	
product	 was	 purified	 by	 means	 of	 column	 chromatography	
(petroleum	 ether/	 EtOAc	 8:2)	 to	 furnish	 3.30	 (6	mg,	 0.0125	
mmol,	25%)	as	orange	solid;	M.p.	=	47	°C;	1H	NMR	(400	MHz,	










acetate	 (3.31)	 (7	mg,	 0.018	mmol,	 37%)	 as	 orange	 oil;	 1H	
NMR	(400	MHz,	CDCl3):	δ	7.44-7.30	(5H,	m,	H-	22-26),	6.43	
(1H,	s	br,	NH),	5.23	(1H,	s,	H-7),	5.15-4.64	(4H,	m,	H-1,	2,	4,	





(C-7),	 45.5	 (C-6),	 43.5	 (C-16),	 29.6	 (C-3),	 20.8	 (C-19),	 12.5	 (C-12);	 19F	 observe	 with	 1H	
decoupling	NMR	(376	MHz,	CDCl3):	δ	-194.5	(d,	J	=	7.5	Hz,	F-2,	4),	-194.6	(d,	J	=	7.4	Hz,	F-1,	5);	


















































































Following	 general	 procedure	 A	 using	 0.05	 mmol.	 of	
tetrafluoro	aldehyde	3.10.b	with	an	appropriate	components	
(allylamine,	 benzyl	 isocyanide	 and	 acetic	 acid)	 after	 the	
purification	using	column	chromatography	(petroleum	ether/	
EtOAc	 6:	 4)	 furnished	 compound	 3.32	 (15	 mg,	 0.036	 mmol,	




















































Following	 general	 procedure	 A	 using	 0.063	 mmol.	 of	
tetrafluoro	 aldehyde	 3.10.b	 with	 an	 appropriate	
components	 (allylamine,	 benzyl	 isocyanide	 and	 benzoic	









C-1,	 5),	 61.0	 (C-7),	 45.4	 (C-6),	 43.6	 (C-16),	 27.3	 (C-3),	 16.1	 (C-12);	 19F	 observe	 with	 1H	
decoupling	NMR	(376	MHz,	CDCl3):	δ	 -194.3	 (dd,	 J	=	13.6,	4.4	Hz,	F-2),	 -195.3	 (s	br,	F-4)	 ,	 -



















































methylcyclohexyl)acetamide	 (3.34)	 and	 2-(tert-Butylamino)-2-oxo-2,3,5,6-tetrafluoro-1-
methylcyclohexyl)	(3.35)	
Following	 general	 procedure	 A	 using	 0.05	 mmol.	 of	 tetrafluoro	
aldehyde	 3.10.b	 with	 an	 appropriate	 components	 (allylamine,	 tert-
butyl	 isocyanide	 and	 acetic	 acid)	 after	 the	 purification	 using	 column	










3240	 	(C-H),	1749	 	(C=O),	1654	 	(C=O);	FTMS	(ESI+)	m/z	calcd	for([M]+Na)	403.1985;	found	
403.1971	(Δ	3.5	ppm);	followed	by	3.35:	(6	mg,	0.021	mmol,	41%)	as	a	
















































































Following	 general	 procedure	 A	 using	 0.05	 mmol.	 of	 tetrafluoro	 aldehyde	 3.10.b	 with	 an	
appropriate	 components	 (allylamine,	 tert-butyl	 isocyanide	
and	benzoic	acid).	 The	crude	product	was	purified	by	means	













oxo-1-((1r,2R,3S,5R,6S)-2,3,5,6-tetrafluoro-1-methylcyclohexyl)ethyl	 benzoate	 (3.37)	 (5	
mg,	0.012	mmol,	25%)	as	a	white	solid;	M.p.=	214-215	°C	;	1H	
NMR	 (400	MHz,	 CDCl3):	δ	 8.16-8.00	 (2H,	m,	 H-21,	 25),	 7.71-




165.2	 (C-14),	 165.1	 (C-17),	 133.8	 (C-23),	 130.4	 (C-18),	 129.8	
(C-21,	25),	128.6	(C-22,	24),	90.4	(d,	J	=	167.9,	19.7	Hz,	C-1,	5),	





































































Following	 general	 procedure	 A	 using	 0.05	 mmol.	 of	
tetrafluoro	 aldehyde	 3.10.b	 with	 an	 appropriate	
components	(allylamine,	benzyl	isocyanide	and	2-butynoic	
acid).	The	crude	product	was	purified	by	means	of	column	





2.41	 (dt,	 J	 =	 10.8,	 5.2	Hz,	H-3b),	 2.06	 (3H,	 s,	H-31),	 1.24	 (3H,	 s,	H-12);	 13C	NMR	 (101	MHz	
CDCl3):	δ	167.8	(C-14),	156.8	(C-21),	137.6	(C-17),	132.8	(C-19),	128.7	(C-26,	28),	127.7	(C-27),	



























































aldehyde	3.10.a	 with	 an	 appropriate	 components	 (p-anisidine,	
benzyl	isocyanide	and	actic	acid)	after	the	purification	by	means	






m,	H-3b),	 1.28	 (3H,	 s,	H-19),	 1.02	 (3H,	 s,	H-12);	 13C	NMR	 (101	MHz	CDCl3):	δ	 174.5	 (C-18),	





























































aldehyde	3.10.b	with	 an	 appropriate	 components	 (p-anisidine,	
benzyl	isocyanide	and	acetic	acid)	after	the	purification	resulted	
in	 compounds	 3.39	 (traces	 of	 compound	 are	 detected	 on	 19F	
NMR	 of	 crude	 material)	 and	 (R)-2-(benzylamino)-2-oxo-1-






27.0	Hz,	 C-2,	 4),	 68.9	 (C-7),	 43.6	 (C-15),	 31.9	 (C-6),	 29.7	 (C-18),	 27.5	 (C-3),	 12.5	 (C-11);	 19F	
observe	with	1H	decoupling	NMR	(376	MHz,	CDCl3):	δ	-194.7	(dd,	J	=	14.0,	4.1	Hz),	-195.2	(dd,	
J	=	13.0,	4.0	Hz),	-205.6	(dd,	J	=	22.1,	13.0	Hz),	-208.2	(dd,	J	=	22.1,	13.8	Hz);	IR:	ν	max/cm-1	














































To	 biphenyl	 (30	 g,	 192	 mmol),	 ammonia	 (400	 mL)	 was	 added	 at	 the	 -78	 °C.	
Lithium	 (3.065	g,	441	mmol)	was	 then	added	 in	 small	portions	at	 -	78	 °C	until	
slowly	dark	blue	 colour	persisted.	After	2	h	 stirring,	 iodomethane	 (48	mL,	770	
mmol)	 was	 added	 slowly	 over	 a	 period	 of	 5	 min,	 during	 which	 the	 color	













190	mmol)	 in	 CH2Cl2	(200	mL)	 at	 0	 °C.	 The	 reaction	was	 allowed	 to	warm	
gradually	 to	 rt	 and	 stirred	 for	 48	 h.	 The	 white	 precipitate	 formed	 was	
filtered	 and	 the	 filtrate	 was	 washed	 with	 10%	 aq.	 KOH,	 (100	 mL).	 The	
aqueous	 layer	was	 then	 extracted	with	 DCM	 (100	mL	 x	 3).	 The	 combined	
organic	 layers	were	washed	with	 distilled	water	 (200	mL),	 dried	 over	Na2SO4,	 filtered	 and	
concentrated	under	reduced	pressure.	Resulting	in	yellow	oil	(46	g)	was	purified	by	silica	gel	
column	chromatography	(petroleum	ether/	Et.Ac.	9:1),	to	give	4.12	as	white	crystalline	solid	





















In	a	dry	Teflon	 flask,	Et3N.3HF	 (6.5	mL,	39.6	mmol)	was	added	 to	diepoxide	4.12	 (1g,	4.96	
mmol	)	at	room	temperature.	After	stirring	the	mixture	at	135	°C	for	48	h,	the	mixture	was	
cooled	down	to	room	temperature,	10%	aq.	NaHCO3	(200	mL)	was	added	and	extracted	with	
Et.Ac.	 (15	 mL	 x	 3).	 The	 combined	 organic	 layers	 were	 dried	 over	 MgSO4,	 filtered	 and	










Hz,	H-2,	6),	2.78	 (1H,	dd,	 J	 =	11.7,	6.3	Hz,	H-4a),	2.00	 (1H,	m,	H-4b),	






































Trifluoromethanesulfonic	 anhydride	 (3.4	 mL,	 20.13	 mmol)	 was	 slowly	
added	at	0°C	to	a	mixture	of	4.13	and	4.14	(1.22	g)	in	pyridine	(10	mL),.	
After	 18	 h	 stirring	 at	 rt,	 the	 reaction	 mixture	 was	 quenched	 with	 a	
mixture	of	water	(50	mL)	and	copper	sulphate	(2	mL)	and	extracted	with	
diethyl	ether	(50	mL	x3).	The	combined	organic	phases	were	dried	over	
Na2SO4,	 filtered	 and	 concentrated	 under	 reduced	 pressure.	 Dark	 orange	 solid	 was	 re-
dissolved	 in	minimum	amount	 of	DCM	and	 filtered	 through	 silica,	 resulting	 in	 pure	 2	 g	 of	







19F	 [1H]	NMR	 (376	MHz,	 CDCl3)	δ:	 -74.6	 (d,	 J	 =	 8.3	Hz,	 CF3),	 -187.8	 (q,	 J	 =	 7.5	Hz,	 F-3);	 IR:	






































130.0	 (d,	 J	 =	4.4	Hz,	Ar),	128.5	 (Ar),	127.6	 (Ar),	113.5	 (d,	 J	 =	10.1	Hz,	=CH2-a),	90.7	 (dd,	 J	 =	
194.4,	 18.9,	 C-6),	 89.7	 (d,	 J	 =	 189	Hz,	 C-3),	 88.1	 (dd,	 J	 =	 184.9,	 20.1	Hz,	 C-5),	 	 51.9	 (dd,	 J	
=		19.6,	2.7	Hz,	C-2),	33.7	(td,	J	=	20.2,	6.2	Hz,	C-4);	19F	NMR		(377	MHz,	CDCl3):	δ	-185.4-(-
186.4	 )	 (m,	F-3),	 -194.5	 (ddq,	 J	 =	45.0,	12.6,	6.3	Hz,	F-6),	 -197.7-(-199.6)	 (m,	F-5);	 19F	NMR	
(decoupled)	 (377	MHz,	CDCl3):	δ	 -186.0	 (d,	 J	 =	20.2	Hz,	F-3	 ),	 -194.6	 (d,	 J	 =	12.9	Hz,	F-6),	 -
198.64	(dd,	J	=	19.9,	12.8	Hz,	F-5);	IR:	νmax/cm-1	1111,	1056	(C-F);	FTMS	(APCI+)	m/z	calcd	for	






































layers	 were	 then	 washed	 with	 water	 (50	 mL),	 and	 dried	 over	 MgSO4,	 filtered	 and	









































Trifluoromethanesulfonic	 anhydride	 (5.6	 mL,	 33	 mmol)	 was	 slowly	
added	to	a	solution	of	difluoro	diol	4.20	(1.9	g,	7.85	mmol)	in	pyridine	
(10	mL)	and	DCM	(10	mL)	at	0°C.	The	mixture	was	warmed	 to	 room	
temperature	 and	 left	 stirring	 for	 3	 h	 and	 then	 quenched	 with	 a	
mixture	 of	 water	 (50	 mL)	 and	 aqueous	 copper	 sulphate	 (2	 mL).	 The	 organics	 were	 then	
extracted	with	diethyl	ether	(50	mL	x	3),	dried	over	Na2SO4,	filtered	and	concentrated	under	





































Following	 previously	 reported	method,	 liquid	 ammonia	 was	 added	 to	 a	 three	




mmol)	was	added	dropwise	 to	 the	 reaction.	Ammonia	was	evaporated	overnight	 followed	
by	an	addition	of	water	(400	mL)	and	NH4Cl	(30	mg),	the	mixture	was	extracted	three	times	
with	 diethyl	 ether.	 The	 combined	 organic	 phases	 were	 dried	 over	 MgSO4,	 filtered,	




































DCM	(400	mL)	at	 rt.	 The	 reaction	was	allowed	 to	warm	to	35	 °C	and	stirred	 for	24	h.	The	
reaction	mixture	was	 then	washed	with	 aq.	 K2CO3	 (10%)	 and	 the	 aqueous	 layer	was	 then	
extracted	 with	 DCM	 (200	mL	 x	 3).	 The	 combined	 organic	 layers	 were	 dried	 over	 Na2SO4,	
filtered	and	concentrated	to	give	a	colourless	crystalline	solid,	with	three	diastereoisomers	
of	diepoxide	(5.3.a,	5.3.b	and	5.3.c)	observed	on	1H	NMR	spectrum	in	a	ratio	of	10:	15:	13.	
Crude	 product	 was	 then	 purified	 by	 silica	 gel	 column	 chromatography	 (ethyl	 acetate/	





(1H,	 m,	 H-4a,b)	 1.80	 (3H,	 s,	 CH3),	 followed	 by	 epoxide	 5.3.a	 (Rf	 =	 0.15	 at	 ethyl	 acetate/	
petroleum	ether	=	1/	1)	 	 (0.82	g,	5.4	mmol,	18%);	 1H	NMR	 (500	MHz,	CDCl3):	δ	3.31-	3.20	
(2H,	m,	H-3,	 -5	 ),	 3.16	 (1	H,	d,	 J	=	3.7,	H-1,	 6),	 2.87	 (1H,	d,	 J	=	17.4,	H-4a),	 2.27	 (1H,	dt,	 J	






























In	 a	 dry	 Teflon	 flask,	 Et3N.3HF	 (6.8	 mL,	 42.4	 mmol)	 was	 added	 to	
diepoxide	5.3.a	 	(0.8	g,	5.3	mmol)	at	rt.	After	12	h	of	stirring	at	140	°C,	
the	 mixture	 was	 cooled	 to	 rt,	 poured	 into	 NaHCO3	 (100	 mL)	 and	
extracted	 with	 dichloromethane	 (100	 mL	 x	 3).	 The	 combined	 organic	
layers	were	 dried	 over	MgSO4,	 filtered,	 concentrated	 under	 reduced	 pressure	 resulting	 in	
0.71	g	of	yellow	solid	which	was	taken	as	a	crude	to	the	next	stage,	5.4.a:	1H	NMR	(400	MHz,	
CDCl3):	δ	4.93-4.49	(2H,	m,	H-3,	5),	3.53	(2H,	dd,	J	=	10.7,	9.1,	H-2,	6),	2.79-2.65	(1H,	m,	H-
4a),	 1.95-1.78	 (1H,	 m,	 H-4b),	 1.70	 (3H,	 s,	 CH3);	 19F	 NMR	 (376	 MHz,	 CDCl3):	 δ	 -191.4.	
Trifluoromethanesulfonic	anhydride	(3.7	mL,	21	mmol)	was	slowly	added	to	crude	product	in	
pyridine	(20	mL)	at	0°C	and	allowed	gradually	to	warm	up	to	rt.	After	18	h	stirring	at	rt,	the	
reaction	mixture	was	quenched	with	 a	mixture	of	water	 (100	mL)	 and	 copper	 sulphate	 (2	
mL)	followed	by	extraction	with	DCM	(100	mL	x	3).	The	combined	organic	phases	were	dried	
over	Na2SO4,	filtered	and	concentrated	under	reduced	pressure.	The	product	was	purified	by	
means	 of	 column	 chromatography	 (petroleum	ether/ethyl	 acetate	 7:3)	 to	 offer	5.5.a	 as	 a	

























bis(trifluoromethanesulfonate)	 (5.5.b)	 and	 (1R,3R,4R,6R)-2-cyano-4,6-difluoro-2-
methylcyclohexane-1,3-diyl	bis(trifluoromethanesulfonate)	(5.5.c):		
Following	 the	 analogous	 method	 as	 described	 in	 synthesis	 of	 5.3.a,	
the	mixture	of	the	diepoxides	5.3.b	and	5.3.c		(1.5	g,	9.9	mmol)	been	
fluorinated	resulting	in	1.35	g	of	yellow	solid	resulting	in	a	mixture	of	
5.4.b	 and	 5.4.c,	 which	 been	 taken	 for	 the	 next	 stage	 without	 further	 purification,	 5.4.b	
















































Triflate	 5.5.a	 (0.7	 g,	 1.5	 mmol)	 and	 Et3N.3HF	 (2.68	 g,	 16	 mmol)	 were	
placed	in	Teflon	round	bottom	flask	equipped	with	condenser	and	heated	
to	 120	 °C.	After	 the	 full	 conversion	of	 the	 starting	material	 (4	 days)	 the	
mixture	 was	 cooled	 to	 rt,	 poured	 into	 NaHCO3	 (150	 mL)	 and	 extracted	
with	 DCM	 (100	 mL	 x	 3).	 Combined	 organic	 layers	 were	 dried	 over	 MgSO4,	 filtered	 and	
concentrated	under	reduced	pressure.	The	product	was	purified	by	column	chromatography	









Following	 the	 analogous	 method	 as	 described	 in	 synthesis	 of	 5.6.a,	
triflate	5.5.b	(1.8	g,	3.96	mmol)	furnished	compound	5.6.b	(394	mg,	2.02	
mmol,	 51%)	white	 crystalline	 solid;	 M.p.	 =	 195	 °C;	 1H	 NMR	 (400	 MHz,	
CDCl3):	δ	5.04	(2H,	d,	J	=	50.4	Hz,	H-2,	6),	4.34	(dd,	J	=	43.2,	21.5	Hz,	H-3,	5),	3.01-2.72	(1H,	m,	
































Following	 the	 analogous	 method	 as	 described	 in	 synthesis	 of	 5.6.a,	












of	 5.6.a	 (80mg,	 0.41	 mmol)	 and	 nickel-(II)	 chloride	 hexahydrate	 (264	
mg,	2.05	mmol)	 in	methanol	 (5	mL)	 at	0	 °C	under	argon.	 The	 reaction	
mixture	 was	 allowed	 to	 warm	 to	 room	 temperature	 and	 was	 stirred	
until	disappearance	of	starting	material	(TLC).	Methanol	was	evaporated	under	vacuum,	and	
the	 resulting	 crude	was	 diluted	with	 ethyl	 acetate	 (100	mL).	 Then,	 an	 aqueous	 saturated	
solution	of	NaHCO3	was	added	(50	mL).	The	resulting	mixture	was	filtered	through	a	pad	of	
Celite,	and	the	solution	was	extracted	with	ethyl	acetate	(4	×	50	mL).	The	organic	layer	was	
dried	 (MgSO4)	 and	 concentrated	 under	 reduced	 pressure.	 The	 crude	mixture	was	 purified	
using	 column	 chromatography	 to	 furnish	5.7.a	 as	 a	white	 solid	 (41	mg,	 2.05	mmol,	 50%);	
M.p.	 =	 99-100	 °C;	 1H	NMR	 (400	MHz,	MeOD):	 δ	 5.09-4.98	 (2H,	m,	H-2,	 6),	 4.58	 (2H,	 dd,	 J	
=		45.0,	20.5,	Hz,	H-3,	5),	2.78	(2H,	s,	CH2),	2.63-2.43	(1H,	m,	H-4a),	2.23-2.01	(1H,	m,	H-4b),	
1.31	(3H,	t,	J	=	1.6	Hz,	CH3);	13C	NMR	(101	MHz,	MeOD):	δ	94.2	(dd,	J	=	185.7,	16.4	Hz),	90.1	
(dd,	 J	 =	 183.3,	 15.0	 Hz).	 49.3	 (CH2),	 32.1	 (C-4),	 27.5	 (C-1),	 16.6	 (CH3);	19F	 NMR	 (376	MHz,	
MeOD):	δ	-196.6	(s	br)	,	-209.5	(s	br);	IR:	νmax/cm-1	3520	(N-H),	2972(	C-H),	2901	(C-H),	2358,		
























Following	 the	 analogous	method	 as	 described	 in	 synthesis	 of	 5.7.a,	
tetrafluoro	 nitrile	 5.6.b	 (350	mg,	 1.79	mmol)	 provided	 a	 tetrafluoro	
amine	5.7.b	(225	mg,	1.13	mmol,	65%)	white	crystalline	solid;	M.p.	=	
106-107	°C;	1H	NMR	(500	MHz,	MeOD):	δ	5.00-4.71	(2H,	m,	H-2,	6),	4.67	(4H,	dm,	J	=	49.8,	H-
3,	 5),	 3.09	 (2H,	 s,	 CH2-N),	 2.61-2.39	 (2H,	 m,	 H-4),	 0.99	 (3H,	 s,	 CH3);	 13C	 NMR	 (126	 MHz,	
MeOD):	 δ	 90.6	 (dd,	 J	 =	 193.2,	 12.9	 Hz,	 C-2,	 6),	 85.8	 (dd,	 J	 =	 181.4,	 14.7	 Hz,	 C-3,	 5),	 43.4	





Following	 the	 analogous	 method	 as	 described	 in	 synthesis	 of	 5.7.a,	
tetrafluoro	nitrile	5.6.c	(80	mg,	0.41	mmol)	provided	a	tetrafluoro	amine	




(CH2),	28.7	 (t,	 J	=	21.2,	6.5	Hz,	C-4),	22.8	 (C-1),	13.7	 (CH3);	 19F	NMR	 (377	MHz,	MeOD):	δ	 -
197.9	 (s	br),	 -201.8	 (s	br),	 -213.4	 (s	br),	 -215.4	 (s	br);	 IR:	 νmax/cm-1	3525	 (N-H),	2972	 (C-H),	







































room	 temperature	 until	 completion	 (TLC	 monitoring).	 The	 reaction	 mixture	 was	 passed	







br),	 -210.7	 (s	br);	 IR:	νmax/cm-1	3246	(N-H),	3064	(OC-H),	1653	(C=O);	FTMS	(ESI+)	m/z	calcd	
for	([M]+Na+)	250.0831;	found	250.0825	(Δ	3.7	ppm);		
	 	 	 	 	 	 	 	 	 	 	 	
bis(((1s,2R,3S,5R,6S)-2,3,5,6-tetrafluoro-1-methylcyclohexyl)methyl)terephthalamide	(5.9)	
Tetrafluorocyclohexane	 amine	 5.7.a	 (30	 mg,	
0.15	 mmol)	 and	 DMAP	 (2	 mg,	 0.016	 mmol)	
were	 dissolved	 in	 DCM	 under	 argon	
atmosphere	 followed	by	addition	of	 Et3N	 (30	
mg,	0.3	mmol).	After	cooling	to	0	°C,	tetephnaloyol	chloride	(16	mg,	0.075	mmol)	was	added	
and	 the	mixture	was	stirred	 for	15	min	at	0	 °C	and	 for	 further	18	h	at	 room	temperature.	
After	 the	 reaction	was	 complete,	 water	 was	 added	 and	 the	 solution	was	 extracted	 three	
times	 with	 DCM.	 The	 combined	 organic	 phases	 were	 dried	 over	 MgSO4	 filtered	 and	 the	
solvent	 was	 removed	 under	 reduced	 pressure.	 The	 product	 was	 purified	 by	 column	
chromatography	 (petroleum	 ether/	 diethyl	 ether,	 9/1)	 furnishing	 5.9	 (31	mg,	 0.59	mmol,	
79%);	M.p.	=	292-293°C;	1H	NMR	(400	MHz,	(CD3)2CO):	δ	8.02	(4H,	s,	Ar),	5.46-5.12	(4H,	m,	H-
2,	6),	4.67	(4H,	dd,	J	=	46.8,	11.7,	H-3,	5),	3.46	(4H,	s,	CH2),	2.54-2.27	(4H,	m,	H-4),	1.47	(6H,	







































of	 5.9,	 tetrafluoro	 amine	 (5.7.b)	 was	 used	 to	
furnish	 5.10	 (19	 mg,	 0.036	 mmol,	 48%)	 as	 a	




85.9	 (d,	 J	=	196.2,	 C-3,	 5),	 42.4	 (C-1),	 41.2	 (CH2-NH),	 27.5	 (C-4),	 15.6	 	 (CH3);	19F	NMR	 (376	




Analogous	 esterification	 reaction	 has	 been	
done	 with	 tetephnaloyol	 chloride	 and	
2,3,4,5-tetrafluoro	 alcohol	3.9.a,	which	 has	
























































1,4-Phenylene	 diisocyanate	 	 	 (12	mg,	 0.075	mmol)	 has	 been	
combined	 with	 previously	 prepared	 tetrafluor	 alcohol	
derivative	3.9.a	 (30	mg,	0.15	mmol),	 followed	by	addition	of	
toluene	 (2	mL)	 and	 triethalamine	 (0.005	 g,	 0.05	mmol).	 The	
reaction	has	been	left	stirring	over	night,	followed	by	heating	
the	 reaction	 at	 60	 °C	 for	 4	 hours.	 On	 the	 completion,	 the	
solvent	has	been	evaporated,	 resulting	 in	 yellow	powder	5.12	 (62	mg,	 0.011	mmol,	 91%);	
M.p.=	273	°C;	1H	NMR	(400	MHz,	(CD3)2CO):	δ	7.45	(4H,	s,	H-2’),	5.14	(4H,	dd,		J	=	47.3,	15.1	
Hz,	H-3),	4.78	(dd,	J	=	47.3,	15.5	Hz,	H-2),		4.12	(2H,	s,	CH2),	2.51(2H,	m,	H-4a),	2.25	(2H,m,	H-
































































































































































































































Figure	5:	2.C)	 1H	NMR	Spectrum	of	2.37;	2.D)	1D	selective	 1H,	 19F-HOESY	with	
increased	number	of	 scans	up	 to	800,	 irradiation	of	 F-1;	 2.E)	 1D	 selective	 1H,	
















































Figure	6:	A)	 19F	HMBC	NMR	spectrum	of	2.35.	B)	 19F	with	 1H	decoupling	NMR	
































increased	number	of	 scans	up	 to	800:	 Irradiation	of	 F-1;	 3.E)	 1D	 selective	 1H,	

























of	 density	 functional	 theory.13–16	 Starting	 from	 the	X-ray	derived	 coordinates	 for	 the	N-(p-
Br)-benzyl	and	N-benzyl	derivatives,	which	have	the	amide	in	equatorial	and	axial	positions,	
respectively,	truncated	models	were	built	by	replacing	the	benzyl	substituent	with	a	methyl	




















On	 these	 profiles,	 higher-lying	 minima	 were	 apparent,	 which	 were	 subjected	 to	 full	
























ΔErel [kcal mol-1] gas phase 























nearest dF...H(N) [Å] d 2.084 2.141 1.991 2.112 
µ [D] 4.9 7.2 2.1 6.4 
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